Fh°PRle74ny | mFon maTics
dqeotTite M 4“/1_, lcl&?—

o TN

R SOUTHERN BERING SEA PRODUCTION SYSTEMS

FINAL REPORT
TABLE OF CONTENTS

Executive Summary

Volume I: Drilling and Production Platforms -

Section 1.0 Design Basis Environmental Conditions
Section 2.0 Topside Drilling and Production Facilities
Section 3.0 Platform Alternatives | |

Section 4.0 Steel Pile Supported Structurés _'.

Section 5.0 Concrete Gravity Base Structures

Section 6.0 Cost Estimates and Schedules - Dr1111ng and Product1on ;
Platforms

Volume II: Transportation Systems

Section 7.0 Pipeline
Section 8.0 Shore Terminal
Section 9.0 Offshore Storage and Loadvng Structure

Section 10.0 Cost Estimates and Schedu]es-- Transportat1on Systems

o

Detailed indices are included in each Section.



1.0
1.1
1.2

ey
(. ;
)

TABLE OF CONTENTS
SECTION 1.0

DESIGN BASIS ENVIRONMENTAL CONDITIONS

Introduction

1.1.1 | Purpose

1.1.2 Scope

1.1.3 Summary of Design Basis Conditions

1.1.4  Summary of Major Engineering Work Needed
1.1.5  Acknowledgments

Soils

1.2.1 Bathymetry

1.2.2  Sediment Distributions

1.2.3

1.2.4

1.2.2.1 St. George Basin
1.2.2.2 North Aleutian Basin
1.2.2.3 Navarin Basin
Engineering Properties of Soils
1.2.3.1 Permafrost

1.2.3.2 St. George Basin
1.2.3.3  North Aleutian Basin
1.2.3.4 Navarin Bésin
Gechazards

1.2.4.1 St. George Basin
1.2.4.2 North Aleutian Basin

’1.2.4.3 Navarin Basin

1-10

1-12
1-12
1-12
1-12
1-.15
1-16
1-18
1-19
1-19
1-20
1-20
1.21
1-21
1-22
1-23



1.3

1.4

1.5

Oceanography

1.3.1 Meteoro]ogy
1.3.2 Wind

1.3.3  HWaves

1.3.4 Currents

1.3.5 Tides and Surge
Earthquakes

1.4.1 Sources

1.4.2

1.4.3

Ice

1.5.1
1.5.2
1.5.3

1.4.1.1 St. George Basin
1.4.1.2 North Aleutian Basin
1.4.1.3 Navarin Basin
Activity

1.4.2,1 St. George Basin
1.4.2.2 North Aleutian Basin
1.4.2.3  Navarin Basin

Ground Motions

1.4.3.1 St. George Basin
1.4.3.2 North Aleutian Basin

1.4.3.3 Navarin Basin

Coverage and Movements
Features

Strength

‘Page

1-25
1-25
1-25
1-25
1-29
1-31

1-32
1-33
1-33
1-36
1-39
1-40
1-40
1-40
1-41
1-41
1-41
1-42
1-42

1-44
1-44
1-45
1-47

//’—"mﬁm\



1.6

1.7

1.5.4 Ice-Structure Interaction
1.5.4.1 Ice Slamming/Local Péessures
1.5.4.2 Ice Loading/Global Design
1.5.5 Wind-Wave-Current Ice Interaction
1.5.5.1 Storm Wave-Ice Interaction
1.5.5.2 Parameter Ranges
1.5.5.3 Analytical Model
1.5.5.4 Results

1.5.5.5 Discussion

Design Basis Conditions

1.6.1 Method Used to Develop
1.6.2 Soils

1.6.3 Oceanographic‘

1.6.4 Earthquake

1.6.5 Ice

Major Engineering Information Needed
1.7.1 Seoils

1.7.2 Oceanographic

1.7;3 Earthquéke

1.7.4  Ice

1.7.5 Design Criteria

Page

1-48
1-49
1-50
1-52
1-53
1-53
1-54
1-55
1-58

1-61
1-62

1-62 |
1-64
1-65
1-66

1-68
1-69
1-70
1-72
1-74
1-78



)

Figure No.

1-1
1-2
1-3
1-4
1-5

1-6

1-7
1-8
1-9
1-10
1-11
1-12

1-13

1-14
1-15
1-16
1-17
1-18
1-19

LIST OF FIGURES
SECTION 1.0

Title

Study Basins and Environmental Summary
API Design Wave Heights

API Design Earthquakes

Surface Soils

Soil Type A, Cohesive--Assumed Soil Strength for St. George
and Navarin Basins

Soil Type B, Granular--Assumed Soil Properties for

St. George Basin, Navarin Basin, and the North Aleutian
Shelf

Acceleration-Response Spectrum - St. George Basin
Acceleration-Response Specfrum - Navarin Basin
Acceleration-Response Spectrum - North Aleutian Shelf
Tectonic Map, Bering Sea and Its Vicinity |
Bering Sea Shelf and Surroundings

Distribution of Surface Sediment Size over the Southeastern
Bering Shelf

Contours of Maximum Ground Accelerations for 100-Year Return
Period

Bering Sea Primary Storm Tracks

Storm Traces in the Bering Sea 1949-1975

Synoptic Map of Low Pressure Storm Systems in Bering Sea
Bering Sea Wind Speeds

Bering Sea Wave Heights

Bering Sea Surface Currents



Figure No.

1-20
1-21

1-22

1-23
1-24

1-25
1-26
1-27
1-28

Title

Circulation Currents

St. George and North Aleutian Basins Historical Seismicity
1902-1975

St. George Basin Region Section A'-A, Schematic Tectonic
Model ‘

Distribution of Surface and Major Faults

North Aleutfan Region Section B'-B, Schematic Tectonic
Model

Ice Edge Statistics (1954-70)

Ridge Cross Section

Analytical Model

Parametric Sensitivity for Resultant Ice Velocity

/,/"\r\



o LIST OF TABLES

‘(F’—\

SECTION 1.0

Table No. Tit]e

1-1 Design Basis and Sensitivity Range Parameters for Study
of Southern Bering Sea Production Systems - St. George
Basin

1-2 Design Basis and Sensitivity Range Parameters for Study
of Southern Bering Sea Production Systems - Navarin
Basin

1-3 Design Basis and Sensitivity Range Parémeters for Study
of Southern Bering Sea Production Systems - North Aleutian
Shelf

1-4 Summary of Principal Information on Environmental Conditions

Needed to Allow Development of Bering Sea Basins without
Undue Delays or Costs

67 ’ 1-5 Wave-Ice Interaction Analysis Parameters
1-6 Definitions of Columns for Table 1-5
1-7 Initial Sensitivity Study Results

4



TABLE 2

SOUTHERN BERING SEA
PRODUCTION SYSTEMS sTubY
PLATFORM COST SUMMARY
NAVARIN BASIN
(U.S. $ x 105)1’2

100,000 BPD

450'

Steel Structure

- Installed Structure ' 313

- Topside and Hookup | 549

- Total E 862
Concrete Structure3

- Installed Structure | 545

- Topside and Hookup 561

- Tota\ 1106

1A11 costs include a 30 percent contihééﬁéy

2June 1982 costs, no escalation

300,000 BPD

300"

450" GOQ'
299 337 403
808 808 808
1107 1145 1212.
542 582 724
803 803 809
1351 1391 1531

3{nciudes 1.2 million barrels of oil storage. Subtract $100 X 106

for no storage case
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DESIGN BASIS ENVIRONMENTAL CONDITIONS

This section documents the background of the design basis environmental
conditions utilized in the study of production sytems in the Southern

Bering Sea. These design basis conditions should not be confused with

design criteria appropriate for final design of production systems

for this area. The design basis conditions and the associated ranges in
these conditions (identified as lower basis and upper basis) are inténded
to bracket plausible design conditions. The design basis conditions
provide a basis for screening alternative concepts of systems and
components, for determining their projected or estimated costs, and

for identifying major engineering problems, constraints, and informa-
tion needed to allow development of production systems to go forward

without undue delays or unanticipated costs.

Introduction

Purpose

The purbose of the investigation of design basis environmental conditions
that is summarized in this section was to provide a reasonable basis upon
which the alternative concepts for production systems in the Bering Sea
could be investigated. Further, so that the feasibility of the most
attractive of these concépts could be determined to make reasonable

estimates of their costs and associated engineering problems.

The purpose of this particular phase of the study was not to perform an
extensive study of background data, nor to perform studies intended to add

to the bank of information required to define environmental criteria.
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Rather, the purpose was to synthesize informat ion provided by the study
participants, provided by the background of the consultants performing
this study, and provided by information in the public domain. This
information was then used by the consultants and the industry Steering
Committee for this project to develop design basis environmental condi-

tions appropriate for this study.
Scope

This study of environmental conditions in the Bering Sea addressed three
specific areas. These areas are identified in Figure 1-1 as Navarin Basin

(NB), St. George Basin (SGB) and North Aleutian Basin (NAB).

This study addressed four categories of environmental constraints:

(1) éoils, (2) Oceanography, (3) Earthquakes, and (4) Ice. These con-
straints are addressed in the following portions of this Section. The
evaluation of the constraints to define the design basis conditions and
engineering problems are the topics of the last two portions of this

section.

The information background scope of this study was limited to a review of
information in the public domain concerhing the environmental constraints‘
cited, that in the background of the consultants working on the study, and
that provided to the consultants by the participants in this study.
Proprietal and confidential information accessed by the consultants or
provided by the participants ha; been integrated into the results of the

study. The data or information !itself has not been compromised. T
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One of the most valuable elements of this portion of the study was the
interaction between the participants’ Steering Committee and.the con-
sulting team. This interaction developed through the participant'’s
providing input information to the consulting team, the consulting team
reviewing'this and other pertinent sources of information, then proposing
design basis conditions and associated ranges to the Steering Committee for
their review and comment. The result was a collective synthesis of
information, interpretations, and judgments into the results documented

here,.

Two important sources of information were utilized in this study. The
first is that provided to the study by the offshore oil and gas industry
cooperative efforts in the form of public documents summarizing results of
extensive industry-sponsored research and deve]opment programs. Most
notable weré the Alaska 0i1 & Gas Association "Recommended Research
Projects for the Alaskan Bering Sea" (January 1980), and the National

Petroleum Council's report, "U. S. Arctic 0i1 and Gas" (November 1981).

The second important source of information was that provided in the
documents resulting from Federal Agency scientific programs. Most notable
are those from the U. S. Geological Survey, National Oceanographic Atmos-
pheric Administration, and Cold Regions Research Laboratory of the U. S.
Army Corps of Engineers. Essential background on soils, geo-hazards,
meteorology, oceanography, seismicity, and ice conditions were provided to
this study through the public reports documenting results from these

programs (National Research Council, 1980).
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1.1.3

Summary of Design Basis Conditions _ | f”‘w>

The approximate locations of the St. George, North Aleutian Shelf and
Navarin sedimentary basins are shown in Figure 1-1. These basins are
near the southern limit of annual sea ice coverage. As a result, open
water prevails in these areas for approximately eight months out of the

year, with mid-June to mid-October nearly ice free.

In general, the sea ice environment for the St. George basin and the North
Aleutian Shelf basin is less severe than for the Navarin basin. Primary
sea ice features in these two basins may include sheet ice, broken

ice and first year pressure ridges, not necessarily occurring every year.
Scattered drift ice is also characteristic of the south-east St. George

and south-west North Aleutian Shelf areas. ,/~w3

In contrast, the Navarin basin has sea ice every year, with muitiple
rafting of éheet ice producing a total thickness of up to 10 feet.
Significant ice loads may alsc occur in the northern Navarin area from
single year unconsolidated pressure ridées° In addition, the ice in the
Navarin basin is very dynamic, although the movement rates are not well

documented.

Study of the local scil conditions in the south Bering Sea indicates

that the surficial soils in the Navarin basin consist primarily of silts

(up to 50 percent) and fine sands (25 percent) with little clay. In the

North Aleutian basin, the surfi;ia] deposits are considerably more sandy
(approximately 75 percent sands, and 25 percent silts) with the finer sands e

generally overlaying the coarser sands. In the St. George basin, the \w)
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surficial deposits range from sands to silts to soft clays, where the fine
grained soils are located along the center of the graben that forms the
basin. In general, the sediments along the shelf are generally unconsoli-

dated to depths of two to three meters and are loose to soft in consistency.

The seismic activity common to these three sedimentary basins is signifi-
cantly less severe than that just south of the Aleutian Island chain.

St. George and North Aleutian Basins are considerably more active thén the
Navarin Basin. Furthermore, the seismic activity in the St. George Basin

increases going from north to south.

Faulting, with related surface features, is relatively minor in the North
Aleutian and Navarin Basins. In contrast, a significant amount of fau?ting
is present in the St. George Basin. Major faults are generally parallel

to the long axis of the basin and are located along or on the basin
boundaries. These faults often offset the sea floor. In contrast, the
minor faults are generally distributed throughout the basin. From the
difference in seismicity and the faulting of the different areas, it is
apparent that the ground motions resulting from near-field and far-field

events will be different in each of the three basin areas.

The meteorologic-oceanographic environment of the Bering Sea is similar to
that of the North Sea. Broad,'low-pressure storm systems move in a
generally easterly direction across the Aleutian Islands. Open water
fetches of 2000 and 1000 miles in east-west and north-south directions,
respectively, characterize this sea. Ice coverage during the winter storm
months may decrease the north-south fetch to 500 miles. Maximum éxtreme

and operational sea states are expected td be similar to the North Sea;
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annual and 100-year expedted maximum wave heights are in the range of 60 ‘3

to 90 feet, respectively.

Design guidelines for permanent production systems to be sited in the
Bering Sea have been defined by the American Petroleum Institute.

Figure 1-2 summarizes API design wave heights, steepness, and deck
clearances for this_area. For the Bering Sea, a reference level wave
height of 85 feet and wave steepness of 1:13 are indicated. Guideline
wave heights fall in the range of 75 to 95 feet. The recommended refer-

ence level deck clearance is 63 feet above MLLW.

Figure 1-3 summarizes API design earthquake effective horizontal peak
ground accelerations and response spectra. For the NAB and SGB, effective
ground accelerations of 0.2 g are indicated. For the NB, an effective ?”*\}

ground acceleration of 0.05g is indicated.

For shallow and deep alluvium covered locations (typical of these basins),
the spectral accelerations in the 1 to 2 second range for NAB and SGB
would be 0.24 to 0.12 g for shallow alluvium locations and 0.36 to 0.18 g
for deep alluvium locations. Values for NB for the 1 to 2 second range,
would be 0.06 to 0.03 g for shallow alluvium locations and 0.09 to

0.05 g for deep alluvium locations.

API has not developed definitive guidelines for ice loadings in this

region; however, an API Bulletin has been issued for planning, designing,

and constructing fixed offshore structures in ice environments (API,

1981). Ice loading considerations outlined in this document were used in s
development of the design basis conditions and formulation of design basis ,*)

environmental loading determination procedures.

1-6



AN

™~

s

Other design guidelines utilized in thfs formulation of design basis
conditions were those issued by the U.:S. Department of Interior, USGS,
Conservation Division (USGS, 1979) and those issued by the American
Concrete Institute (ACI, 1978). Both of these guidelines were utilized to
assist in formulation of design basis environmental loading determination
procedures, as well as to assist in formulation of the structural and

foundation analysis and design procedures.

Tables 1-1 to 1-3 summarize the design basis and sensitivity range environ-
mental condition parameters for this study of Bering Sea Production

systems for each of the three basins. The "Design Basis* conditions were
those utilized for the "Base Case" studies of production system concepts
and those utilized for the similar studies of the feasibility of the two '

most attractive systems.

The "Sensitivity Range" parameters are those investigated to determine the
influence on the costs and engineering aspects of the two most attractive

production systems chosen for the feasibility study portion of this work.

These sensitivity range parameters generally were treated as independent
parameters in determining cost and engineering influences on the produc-

tion systems chosen for the feasibility study.

Key design basis parameters for each of the three basins are summarized as

follows (refer to Figure 1-1):
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1.1.4

Basin Water  Wave = Ground Ice Loading Soil Types C )
Depth  Height Acceleration on Proj. Area )
ft ft g kips/ft

NB 450 80 0.05 115 clay, sand

SGB 450 85 0.125 85 clay, sand

NAB 300 78 0.24 85 sand

These design basis parameters are in good agreement with those suggested

by API (API 1981) and the USGS (USGS, 1979).

Figure 1.4 defines the types of surface soils anticipated in each of the
three basins. Figures 1-5 and 1-6 characterize the soil shear strength
and soil effective angle of internal friction for cohesive and granular

soil profiles, respectively, anticipated for these locations.

Figures 1-7 to 1-9 define the acceleration response spectra for SGB, NB,
and NAS, respectively, as scaled with the effective horizontal ground

accelerations indicated in Tables 1-1 to 1-3, and recognizing the influ-

‘ence of anticipated local soil conditions.

Summary of Major Engineering Information Needed

This section summarizes major engineering information needed pertaining
to environmental conditions and criteria to allow development of the
Bering Sea Basins to go forward without undue and significant delays,
costs or risks.

This evaluation has been based on the information which has been cited in

this study and in the subsequent findings of the studies of production ’ b

i
N

o

system concepts. Additional background on many of the engineering efforts
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identified here can be found in the report by the Alaska 0il & Gas Associ-
ation, "Recommended Research Projects for the Alaskan Bering Sea" (AOGA,

January 1980).

Table 1-4 identifies 22 specific efforts intended to provide information
for design and siting of production systems in the Southern Bering Sea.
These efforts have been organized into five categories: (1) Soils,

(2) Oceanography, (3) Earthquake, (4) Ice, and (5) Design Criteria.
Justifications or applications for each of the efforts are identified in

Table 1-4.

It is important to recognize that the industry presently has a very
intensive program of arctic research underway. This and the complementary
work by government amd academic organizations, some of which is specific
to the Southern Bering Sea, will provide elements of the efforts which
have been defined in Table 1-4., 1In addition, the study team has been
privileged to review and participate in only a small part of the past and
current p;oprietal and nonproprietal work by industry, government, and
academic organizations. Thus, efforts or components of efforts may have
been identifigd in Table 1-4 which have already been undertaken or are in

the process of being undertaken.
Summarizing the efforts identified in Table 1-4:

- Soils: Site specific soil borings, route specific soil surveys,
geohazard and bathymetric surveys and studies for platform sites;
geohazard and bathymetric surveys and studies for pipeline routes;

scour potential evaluation.
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- Oceanography: Wave measurements, current measurements, wind

measurements, design conditions, operating conditions.

- Earthquakes: Local geologic and site effects; seismic source

and seismic exposure evaluations.

- lIce: Ice measurements, ice features, design conditions, operating

conditions, wave-ice interactions, ice-flexible multi-leg structure

interactions.

1.1.5 Acknowledgments

The project Steering Committee participants involved in the study of

environmental conditions were as follows:

- Mobil - George Vance T
- Chevron - Enrique Gartenbaum
- Amoco - Dan Gibson
- Gulf - Brian Thomas
- Arco | - Jerry Machemehl
The project consulting team involved in the study of environmental condi-
tions was as follows:
- Soils - J. P. Singh, Harding-Lawson Associates
- Earthquakes - J. P. Singh, Harding-Lawson Associates
- Oceanography - R. G. Bea, PMB Systems Engineering Inc.
- Ice - K. Vaudrey, Vaudrey and Associates; R. G. Bea,
PMB S;stems Engineering Inc. /f\jb
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1.2

1.2.1

Soils

Surveys of the distribution of different sediment types have been com-
pleted for much of the Bering Sea. In the St. George Basin, the U. S.
Geological Survey has undertaken a program to determine the geotechnical
properties of the sediments in the nearshore waters. Similar work is also
planned for other areas. As Customary, detailed site-specific geotechnical-
geophysical surveys will be an integral part of exploration and production

activities.

An overview of the soil distribution is given in Figure 1-4. In general,

the St. George, North Aleutian, and Navarin Basins are sediment-filled

structural basins within the continental shelf. The distribution of the

soils within the region, their origin and properties as well as potential //”“w)

geological hazards are discussed in the sections which follow.
Bathymetry

The Bering Sea may be characterized as having a gently sloped offshore
continental shelf. Generally, water depths increase gradually 2 to 3 feet
per mile in many areas. No unusual bathymetric trends are believed to be
present in the shelf area. General bathymetry is well known with numerous
navigation charts and other bathymetric maps available. Development of
more detailed bathymetry data may be desirable prior to conducting opera-

tions in a given area.

The general bottom features of the region are given in Figures 1-10 and

1-11.
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7#3.2.2  Sediment Distribution
o 1 = ; b

The distribution of sediments within tﬁe Bering Sea is a direct result of
the geological history of the area. Broadly speaking, data collected on
the inner shelf of the Bering Sea indicates that surface sediments consist
largely of granular materials decreasing in grain size away from the
coast. Limited coring data indicates grain size increases with the depth
below the sea bottom. Outer shelf data indicates that sands still pfe-
dominate. However, in deeper water, clayey silts make up more than half

the sediments.

In the succeeding sections, more detailed information is given for each

basin.
(77 ™2.1  St. George Basin

Description of Site

As shown in Figure 1-10, the St. George basin area, located in the
southern Bering Sea, can be subdivided into four major physiographic
provinces: outer continental shelf, continehtal margin, P?ibi]of ridge
and the Bering and Pribilof canyons. The outer continental shelf is a
broad, flat area that has a gradient of 1:20,000 (0.03 degrees) between
the 300-ft. isobath and the shelf break at about 550 ft. The Pribilof
ridge is a northwest-southeast-trending topographic high that is cépped by
the Pribilof Islands. The ridge is a relatively smooth surface cut by at
least one terrace that may be a Pleistocene feature. Toward the south-
ff'“m éast, thg ridge plunges below the shelf southeast of St. George Island but

(;, | can be followed to the southeast in the subsurface for an additional

1-13



125 miles. On the northwest, the continental slope descends abruptly
from the shelf break with gradients of 1:20 (3 degrees). Toward the
southeast, the gradient is flatter, averaging 1:40 (1.4 degrees). The
continental slope is characterized by hummocky topography, scarps, and
canyons. The continental margin in this region is incised by two large
submarine canyons, Bering and Pribilof (Scholl, et al., 1969), which may
have played significant roles ih the westward transport of sediment into

the Aleutian basin.

Present-day sediment dynamics, combined with the dynamics associated with

lowering of sea level during the Pleistocene, have created a mixture of

sediments on the outer continental shelf of the southern Bering Sea which

has been derived from the Alaskan mainland, the Aleutian Islands, and the

Pribilof ridge. Concentrations of fine-grained, highly organic sediments '/ﬂ\“;
in the St. George basin represent a further variation in the regioha]

sediment composition patterns. A distribution of surface sediment size

over the Southeastern Bering shelf is given in Figure 1-12.

Lack of present-day currents sufficient to move even clay-size material
and the presence of the Bering submarine canyon between the Aleutian
Islands and the outer continental shelf and slope indicate that Holocene
sediment dynamics cannot be used to explain the observed distribution of
surface sediment derived from the Aleutian Islands. The sediment distri-
bution pattern is believed to be relict and a result of sediment dynamics

which existed at lower sea levels during the Pleistocene.



{Ef.j; Soils

The lease sales area overplotted on the bottom sediment map developed by
Gardner, et al., 1979 (see Figure 1-4) shows that the bottom sediments
vary in soil type from sand to silty sand to sandy silt to silt to silty

clay.

The assumed engineering properties of the soils are discussed in Section

1.2.3.1.
1.2.2.2 North Aleutian Basin

Description of Site

The North Aleutian basin lies within the continental shelf immediately

( : north of Unimak Island and Alaska Peninsula (see Figure 1-4). Bathymetric
contours indicate water depths in the range of 150 to 350 meters with flat
gradients on the north and a moderately steep rise toward the southeast

against the Unimak Island and the peninsula.
Soils

The lease sales area overplotted on the bottom sediment distribution map
(See Figure 1-4) shows that the bottom gediments are prihari]y sandy ié
nature. In addition, the distribution of surface sediment size over thé
southeastern Bering Sea shelf including the North Aleutian basin is givén
in Figure 1-12. In general, the sandé become finer with increasing |

distance from the shoreline.
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1.2.2.3

Navarin Basin

Description of Site

There are three physiographic provinces in the Navarin basin area (seev
Figure 1-10). There are (1) the flat, wide, continental shelf (2) the
steep, rugged continenta1'slope, and (3) the rise. Three large submarine

canyons deeply dissect the outer shelf and slope.

Shelf

The 70,000 mi2 of Bering shelf that includes the Navarin Basin'1ie

between 300-ft. and 500-ft. isobaths (see Figure 1-4). The width rahges

from about 75 miles at the northern and southefn parts of the study area

to a maximum width of about 145 miles in the central part. The average .z/“”f>
gradient is about 0.02 degrees as compared to world-wide average of 0.12

degrees for continental shelves reported by Shepard (1963).

S]oge

The continental slope forming the southeastern boundary of the Navarin
basin province begins at the 500-ft. isobath and extends to a depth of
9200 feet northwest of Zhemchug Canyon (Figure 1-10). Southeast of this
canyon the slope abruptly changes gradient at 7800 feet. The slope
includes an area of about 18,000 mi2., The gradients of the Navarin
slope range from 3 degrees to 8 degrees with even steeper gradients over

shorter segments of slope. For comparison, the world-wide average gradient

.

for continental slopes is aboﬁt 4,3 degrees (Shepard, 1963). The width of ke
" )

the continental slope ranges from 30 miles ih the middle of the province .
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to 12 miles south of Zhemchug Canyon. Exceptions to these width and
gradient values are within the three submarine canyons that are deeply

incised in the shelf.

The three major submarine canyons that cut deeply into the Bering con-
tinental margin (Figure 1-10) are Navrinsky, Pervenets, and Zhemchug. A1l
threevcanyons head in water depths less than 500 ft. Extensive deep-sea
fans have been built at the mouths of the canyons in water depths of about
10000 ft. Navarinsky is the longest canyon (210 mi), Pervenets the
shortest (80 mi) and Zhemchug intermediate in length (150 mi). Both
Navarinsky and Zhemchug Canyons are about 62 mi. wide at the shelf break,
but the smaller Pervenets Canyon is only 19 mi. wide. Wall relief of the
three canyons at the shelf break ranges from 2300 ft. for Navarin and

260 ft. for Pervenets, to 8500 ft. for Zhemchug.

These canyons are incised into Neogene and older, more lithified Paleogene
rocks, principally mudstones, that are thought to make up much of Navarin
basin (Marlow et al., 1976). The canyons, especially Zhemchug, are
apparently structurally controlled, the structures dating back at least
into the_Paleogene (Scho11 et al., 1975). The major cutting of the
canyons probably occurred when glacio-eustatically lowered sea levels

exposed most of the Bering shelf.
Rise

The continental rise in this remote area has been sparsely sounded, but is
a prominent enough feature to be easily recognized on profiles that

traverse the bounding features--the Bering continental slope and the
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Aleutian abyssal plain. The rise includes 15,000 miZ of the Navarin
Basin province and begins at the base of the slope. Depths at the base
are 9200 ft. northwest of Zhemchug Canyon and 7900 ft. south of the
canyon. Depths extend to the 12000 ft. isobath which marks the begin-
ning of the abyssal plain. The width of the rise averages about 50 mi,
ranging from a minimum of 16 mi northwest of Zhemchug Canyon to more than
60 mi adjacent to the mouths of the three large canyons. The gradients
across the rise rénge from a low of 0.5 degrees adjacent to the canyon
mouths to 1.8 degrees off the two prominent ridges located northwest of

Zhemchug Canyon.

Deep-sea channels cross the rise in the area of the canyon mouths and are
apparently connected to the submarine canyons. Gravity cores collected
near the mouths of the canyons and on the adjacent rise contain sand
lenses that indicate deposition by turbidity currents (see Carlson and
Karl, 1981). Seismic reflection profiles of the rise also indicate that
presence of turbidities which; together with the cores, suggest that the
rise, at least adjacent to the canyons, consists of deep-sea fan deposits.
The gradients measured across the rise near the canyons are also similar

to gradients reported from other deep-sea fans.
Engineering Properties of Soils

The soil properties of the basins were obtained from drop core samples of

| the bottom, plus generalized data from four deep borings for the St.

George basin. Because of the.lack of deep borings for the Navarin, North
Aleutian basin, soil properties were assumed to be like those of the

St. George Basin due to similarities in the deposition of the materials in’
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the two areas. The exception to this is the presumed absence of cohegive

deposits in the North Aleutian Basin. -
Permafrost

No observations or predictions of offshore permafrost have been reported

~ for the Bering Sea. The absence of permafrost in the numerous shallow

cores taken in various areas indicates a lack of shallow permafrost
horizons. Although there is less deep coring data, there have been no
observations of permafrost in the available core logs. Therefore at this

time, deep permafrost zones are not anticipated.
St. George Basin

In order to develop soil strength parameters for design, the soil types
were classified into two basic categories, i.e., cohesive and granular.
The soil information used to evaluate the strength characteristics was
obtained from: (1) bottom sediment information by Gardner et al., 1979;‘
(2) the cost well drilled in the middle of the basin during 1977; and (3)

three proprietary borings drilled during 1981.

Based on this information, the strength profiles for granular soils are
shown in Figure 1-6, and for clayey soils in Figure 1-5. The variations
in strength profile of sandy soils are intended to reflect the variations
in the density and grain size characteristics within the'profile. On the
other hand, the shape of strength profiles for clayey soils are intended

to reflect a crust-like nature. Due to variations in factors forming this

~ crust, the maximum strength and its depth in the three profiles has been

varied in order to get an estimate of the bounding conditions.
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North Aleutian Basin . //_**)

The lease sales area overplotted on the bottom sediment distribution map
(see Figufe 1-4) shows that the bottom sediments are primarily sandy 1in
nature. In general, the sands become finer with increasing distance from
the shoreline. Information on strength characteristics of the sof]s.from
this basin'is non-existent. Because of the similarity in deposition of
the sandy materials in St. George Basin, strength profiles developed for
sandy soils in St. George Basin (see Figure 2-6) were also used for the

North Aleutian Basin.
Navarin Basin

The bottom sediments in Navarin Basin vary from sands to clays (see

Figure 1.4). Because the location of lease sale area with respect to the /fxwv
basin is not known, the range of soil pfoperties developed here are based

on the 68 gravity cores taken in the Navarin Basin by the USGS (reference).

The preliminary consolidation data indicates that the shelf sediments are

lightly to heavily overconsolidated.

Because no strength data are available for the sandy soils, the moisture

content information obtained from the gravity cores was used to estimate

strength profiles fdr granular soils. Because of the simi]aéity in

deposition of the sandy materials in St. George Basin, strength profiles

developed for sandy soils in‘St. George Basin were also used for the

Navarin Basin. On clayey soi]s? the strength information pertains only to

depth within 15 feet of the mudline. Due to similarities with St. George T

Basin clayey sdi]s, the strength profiles developed for St. George Basin %/)
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were also adopted for the Navarin Basin. These strength profiles are

shown in Figures 1-6 and 1-5, respectively.
Geohazards

Three sea floor geological hazards are discussed, basin by basin, in the
following subsection. A final sea floor hazard, that of earthquake
faulting, is discussed in Section 1.4. Specific site locations of geo-
hazards should be pinpointed and their extent evaluated by a survey
program and soil sampling where exploration or production operations are

concerned.
St. George Basin

Liquefaction

The nature of sea floor sediments indicates thét the soils are susceptible
to 1iquefaction. In shallow water depths, liquefaction is likely to occur
from both seismic and storm wave induced loading conditions. In deep
water depths, liquefaction is likely to be more severe for seismic loading
conditions, with a decrease in potential towards the northwest due to

decrease in seismicity (see Figure 1-13).

Slope Stability

The regimes of St. George Basin that show unstable sediments (e.g.,
gravity slides, slumps, creeps, scarps, etc.) are confined to the cdn-
tinental slope and rise and two major submarine canyons (Pribilof and
Bering). These zones of Creep begin near shelf break at depths of about

550 ft and continue on to the upper continental shelf. Furthermore,
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hummocky topography occurs on the continental slope on a large scale and P

mass movment is a common feature.

Gas-Charged Sediments

Anomalous concentrations of gas have been measured in surface and near-
surface seQiments; they appear to be associated with boundary fault (major

faults delineating St. George Basin and the north side of Pribilof Ridge).

~ None of these sea floor hazards have been considered in the feasibility

studies. However, the following problems related with the above-ment ioend

sea floor hazards should be considered during the site-specific studies:

1. Blowout hazards along boundaries of the basin.

2. Liquefaction and submarine slide problems along continental AT
slopes and major canyons.

3. Mass sediment movement and focusing of currents in two submarine
canyons.

4. Future movements along faults that could disrupt structures

crossing these faults.
North Aleutian Basin

Liquefaction

Due to the sandy nature of bottom sediments in the North Aleutian Basin,
liquefaction is Tikely to occur from both seismic and storm-induced

loading conditions.
TN
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Slope Stability

The bottom in North Aleutian Basin is very smooth, with slopes less than
2.5 percent. Sediment movement in this basin is related to strong cur-

rents and scouring.

None of these sea floor hazards has been considered in the feasibility
studies. However, the following problems related to the above-mentioned

sea floor hazards should be considered during the site-specific studies:

1. Active scouring

2. Liquefaction
Navarin Basin

Liquefaction

The potential for liquefaction in Navarin Basin is low due to deep water

depths and low seismicity.

Slope Stability

There is no slumping on the shelf. However, there is slumping on the

walls of canyons along continental slopes. In addition, there are sand

- waves in heads of canyons.

Gas-Charged Sediments

There are isolated small to large areas of gas-charged sediments on the

shelf.

1-23



None of these sea floor hazards has been considered in the feasibility
studies. However, the following problems related to the above-mentioned

sea floor hazards should be considered during the site-specific studies:

1. Possible isolated'areas of blowout hazards.

2. Submarine slide problems along the continental slope

//’*-\é
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Oceanography

A knowledge of both the normal and’ext%eme oceanographic and meteoro-
logical conditions is important in assessing sites in the Bering Sea.
Normal conditions must be known for selecting equipment and scheduling
exploration, construction, and production operations, while extreme
conditions must be known for the design of the structures and pipelines to

be installed.
Meteorology

The meteorological descriptions given in this section are general in
nature due to the wide variation within the Bering Sea. The meteoro-
logical background for this area has been derived primarily from coastal
meteorological stations and observations from ships passing through the
area. References pertaining to the local conditions at specific sites can
be found in the Alaska 0il and Gas Association (AOGA, 1980) much of the

information from that publication is summarized here.

~ The weather over the Bering Sea is very changeable. Wind shifts are

frequent and rapid. The late spring and summer seasons have considerable
fog and rain. In early fall, gale frequency increases, the occurrence of
fog lessens, and snow is 1ike1y any time after mid-September. Storminess
increases in late fall and early winter. Heavy winds from any direction
are usually accompanied by precipitation; however, the rain or snow that
occurs with easterly or southerly winds is likely to continue steadily
until the wind shifts, while rain or snow squalls are characteristic of

the westerly and northerly winds.
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There is considerable cloudiness over the Bering Sea with an average of ST
from 60 to 80 percent of the sky covered the year rbund. Theré is usually,
however, considerably more cloudiness in mid-summer than during the winter

months.

The normal storm tracks, Figure 1-14, in the Bering Sea move from the
North‘Pacific eastward along the Aleutian chain and northward through the
Bering Strait or across the Alaskan coast. Occasionally, storms wiIl'
develop within the Bering Sea and move north or northeastward, creating
strong winds along the western coastal area. Major storm tracks in the

Bering Sea are shown in Figure 1-15 during the period 1949 to 1975.

The barometric activity of the North Pacific is dominated by the intense

Aleutian Low Pressure from October through March. The pressure in this S~

Low (whose winter center 1ies over or near the western Aleutians) usually 7

begins to fall in August, continues to fall until December or early Janu-
ary, and rises in spring to a peak in June or July. The strongest pres-
sure gradients are in the stormy winter. Most of the traveling cyclic
disturbances pass through the Aleutian Low in west-to-east or south-to-
north movements. These storms frequently cover a large area and may pro-
duce strong winds all along the Aleutian chain. A synoptic map of a typi-

cal low pressure storm system in the Bering Sea is given in Figure 1-16.

Fog is reported in 11 to 25 percent of the year-round observations. Very
Tow visibility (less than 1/2 mile) is reported about one-tenth of the
time and very good visibility (greater than 10 miles) is reported over

one-third of the time. The visibility is generally poorest in the summer

¥ i
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and best in the autumn. Summer'fogs genéral]y do not extend higher than

100 feet above the water surface.

The offshore air temperature over the Befing Sea generally decreases with
1ncreésing latitude. For example. the annua] mean air temperature at 55°N
offshore is 42°F and at 65°N is 34°F. The mean monthly air temperature
offshore ranges from a February low of 35°F to an August high of 51°F in
the southern Bering Sea, and from a low of 5°F to a high of 48°F in fhé
northern Bering Sea. From 25 years of ship observations, the highest air
temperature was 71°F and the lowest waé -22°F. At the mainland Alaska
coastal locations there are 200 to 250 days per year of temperatures less

than 32°F and 60 to 100 days per year below 0°F.

Over the entire Bering Sea precipitation in some form was‘recorded in an
average of 22 percent of all observations, the greatest precipitation
occurs from January through April and the least occurs in June and July.
The yearly precipitation reported at coastal stations ranges from 35 to 66
inches in the Aleutian Islands and 13 to 20 inches at other locations.
One-third to one-sixth of the coastal precipitation is in the form of snow

or sleet,
Wind

The annual average wind speed varies from 13 to 16 knots with generally

a lower wind speed near the coast (excepting local effects). Gale force
winds (greater than or equal to 34 kt) occur an average of 2 to 6 percent
of the time year round, with a maximum of about 15 percent in the winter

months. The winds are predominantly northerly to northeasterly from
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October through May and southwest to southeast from June through September i:

(AOGA, 1980). A characterization of extreme wind speeds for various

return periodé as well as normal wind speeds are shown in Figure 1-17

(AOGA, 1980).

Waves

As a result of the varying §to§m tracks previously discussed, open water

sites can be subjected to wave attack from néarly all directions. Fur-

thermore, as aAstorm moves past the site, it creates a confused sea with

waves of various periods arriving concurrently from several directions.

Normal waves in the Berin§ Sea are predominantly locally generated and
multi-directional, although ice cover during the winter months limits wave
generation and propagation from the north. Based on ship observations, /;“*3
the monthly mean wave heights range from three feet in July to 6 to 9 feet

during the period October through March {AOGA, 1980).

A proprietary extreme wave study, (Ocean Science and Engineering, 1970)

from Bristol Bay and the southern Bering Sea was conducted in 1970. The
study used the Wilson wave model to hindcast severe historical storms and
extrapolated the results to extreme return periods. Extreme wave heights

for platform design criteria have not been defined adequately throughout

‘the Bering Sea. An estimate for extreme wave height and steepness for the

Bristol Bay area was presented in the 1979 revision of API RP 2A. This
guideline value was based on available information at the time and

should be considered subject to, revision (AOGA, 1980).
: TN

A plot of the range of expected maximum wave heights in the Southern ;;)

Bering Sea Basin is given in Figure 1-18 (AOGA, 1980).
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Currents

In general, information on summer currénts is poor, and for winter cur-
rents is nearly nonexistent. It is nevertheless critical that the cur-
rents be known because they are the major factor controlling the velocity
at which the ice pack drifts (National Petroleum Council Committee, 1981).
Much of the important information which is known is cited in the following

paragraphs (AOGA, 1980).

While many details of the Bering Sea circulation are unknown at present,
certain large scale features have been commonly accepted. These patterns
are shown in Figures 1-19 and 1-20. The concepts of inflow of water
through the Aleutian Commander Island arc, general northerly flow, the

existence of large and small scale gyres within a counter-clockwise

circulation and the fact that this is a region of water mass formation,
have developed through the work of many investigators, both foreign
(Russian, Japanese, etc.) and the U. S. (Univ. of Washington, National

Marine Fisheries Service, etc.).

The Alaskan Stream, flowing westward of the south side of the Aleutian
Chain, provides inflowing water through the numerous channels of the
A1eutian-Commander Island arc chain. The amount of water transported has
not been established but it has been accepted that the water éxchange can
occur at all levels with reversals of flow common. Since the amount of
water exchange depends upon the size of the channel, the deeper channels
(Kamchatka, Commander-Near and Amchitka) will have the larger flow

{W'ME contributions. Winter intensification of this flow due to the additional

~ - wind stress has been postulated but not convincingly proven.
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The inflowing water, generally warmer and more dilute than that of the ’ ;
Bering Sea, is soon transformed into subarctic water. In summer, com-

plicated vertical distributions exist because of influence upon the

surface layer by precipitation and solar heating. Iﬁ winter, the water is
strongly mixed by the cooling and sinking of surface waters and the

passage of atmospheric disturbances.

Water flowing through‘the Amchitka Pass continues to flow northward, until
it is pushed northwestward by the continental shelf. This flow soon
reaches the USSR and breaks into north and south coastal currents. Water
flowing through the Commander-Near Pass flows northward and loops in a
counterclockwise direction to join the southerly coastal current off the
USSR. This water continues flowing to the south and leaves the Bering Sea
TN,

through the Kamchatka Pass. The numerous gyres that exist throughout the ' 5

Bering Sea further complicate the flow.

Flow through Amchitka Pass also loops clockwise and flows along the north
side of the Aleutian Islands toward Bristol Bay. This flow continues
along the Alaskan coast toward the north as a very broad and slugglish
current. St. Matthew Island breaks this flow into two bands, one fol-
lowing the Alaskan coast northward past Norton Sound and through Bering
Strait, while the second flows westward to the USSR coast where it is

forced northward and also through Bering Strait.

The newly issued Climatic Atlas of the Outer Continental Shelf Waters and
Coastal Regions fo Alaska confirms the general circulation features
described above for the summer.v Currents, however, are generally less

than 1 knot, except in the vicinity of the Bering Strait where they reach
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a maximum of 2.4 knots. In waters shallower than 150 feet, currents at
most locations will be fraction of a knot (National Petroleum Council

Committee, 1981).
Tides and Surge

Little reliable, quantitative data on storm surges exist. Storm surges on
the north coast of the Alaska Peninsula are rare, and surges on the
coastline north of Bristol Bay are limited to the ice-free seasons. The

significant surges generally are caused by storms from the southwest.

Tidal ranges vary considerably along the Bering Sea coast as a result of
the irregular coastline. Diurnal ranges vary from less than 5 feet along

the open coast and in Norton Sound, to 12 feet in Kuskokwin Bay and more

~ than 20 feet at the head of Bristol Bay (AOGA, 1980). At St. Matthew's

Island, the tidal range is 3.5 feet.

Tsunamis are reported to be uncommon in the Bering Sea. Because of the
large continental shelf, tsunamis are probably dissipated before reaching
the coastline. 'Only two tsunamis have been reported at Port Heiden--one
in 1928 (about 6 feet) and one in 1964 (about 4 feet). However, some

occurrences may have been unreported because of the sparse population.
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Earthquakes . ' h

The seismicity of the St. George, North Aleutian, and Navarin Basins

varies appreciably and is, in most part, a function of distance from the
northward dibping underthrust junction between the Pacific and North
American plates which reaches the sea floor along the Aleutian trench.
Seismic activity along this junction (Benioff zone) extends at increasing
depth northward beneath the Aleutian volcanic arc (see Figure 1-21) and

then terminates at depth in a steepened zone at about the northhard limits -
of the arc. Further north into the Bering Sea, seismic activity dimfniéhésv
appreciably; no magnitude 5 or greater events have been recorded beyond

about 60 mi from the volcanic arc.

Large dextral slip faults which extend in a broad arc through southern e

Alaska apparently have been relatively quiescent in their more westerly

“extent in southwest Alaska. Although they cannot be considered inactive

based on available data, their earthquake potential, both in terms of
magnitude and recurrence interval, is generally agreed to be much less

than that of the Aleutian underthrust zone.

Geophysical evidence indicates extensive faulting within the St. George
Basin but a paucity of data on eafthquakes which might be associated with
this faulting makes it difficult to assess the seismogenic potential for
these faults. Some works conclude that these faults are non-tectonic

“growth faults" incapable of generating earthquakes.
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Sources
St. George Basin

The St. George Basin is a major structural feature and is basicalily a
graben filled with up to 6 mi of sediment (see Figure 1-22). It trends
southeasteriy from the Pribilof Islands towards the Alaska Peninsula. The
conditions which led to the evaluation of this structure are attributed to
former continental margin convergence and underthrusting zone in the
Bering Sea (Scholl et al., 1975a). The continental margin approximately
coincides with the cdntinental slope southwest of the St. George Basin.
Underthrusting at this now abandoned continental margin ceased during late
Mesozoic time and has shifted to the modern Aleutian trench. During the
Mesozoic and early Tertiary, inner and outer magmatic zones developed in
conjunction with underthrusting at the plate boundary (Marlow et al.,
1976a,b). The outer zone is represented by the volcanic Pribilof Islands
and the inner zone by a broad band of volcanics curving from the Yukon
delta area northwest through St. Matthew and St. Lawrence Islands (see

Figure 1-10).

Regional isostatic uplift or tectonic rebound of the entire Bering Sea
shelf accompanied the cessation of underthrusting at the continental shelf
(Marlow et al., 1976a,b). Erosion and regional subsidence and exten-
sional rifting dropped the shelf area below sea level in the Tertiary.
Formation of elongate basins along the outer continental margin, including
the St. Geo}ge Basin, accompanied the extensional collapse of the area;
the basjns contemporaneously filled with Cenozoic sediments as they formed

(Marlow et al., 1976a,b and 1977). According to Gardner and Vallier (1977)
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and Marlow et al., (1977); this extensional rifting at the shelf edge has T
continued to the present time, as evidenced by recent dispiacehents of the

sea floor at the edge of St. George Basin and along the Pribilof ridge.

Faulting has been identified throughout much of the St. George Basin area,

but the major faults are concentrated along the edges of the basin (i.e.,

graben boundary) and also Pribilof ridge (see Figure 1-23). These faults

have been interpreted as growth faults by one investigation (Marlow et

al., 1977); however, the evidence is not clear. Surface dispiacement on

faults has been observed locally along the basin margins. The distribu-

‘tion of the faults and geologic evidence suggests that the processes which

formed the graben are still active (Gardner and Vallier, 1977; Hopking,

1975) and may be capable of producing earthquakes. The magnitude of the

largest event assigned to these faults is 5.9 (OASES); on the other hand, /"*)
the possibility of magnitude 7.2 in the St. George Basin has also been |

postulated.

Faults found on St. George Island displace older lava flows by 200 ft,
and they displace younger lava flows of less than 100,000 years but older
than 15,000 years by about 25 ft, indicating that the faults haVe been
active over a long duration and are probably periodic. Faults in the St.
Paul rift between St. Paul and the Otter Islands disp?ace the sea bottom
by 13 to 25 feet. The age of the faulting here is not known. The St.
Paul rift is on trend with the southern boundary of the St. George basin

and is representative of the larger extensional structures of the area.

Although the "growth fault® natire of many of the faults is recognized, it TN

is believed that the regional and local tectonics may still be active x;)
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(Hopkins, 1975; Gardner and Vallier, 1977). In the strictest sensé, a
“growth fault" is not of tectonic origin. It results when lateral con-
straints do not exist for a prism of méterial, or where hydrostatic
pressures within the strata are reduced during diagenesis, causing the
propagation of a non-tectonic rupture plane that may appear similar to a
fault. 1In this case, the displacement increases with depth due to con-
tinued differential subsidence and new deposition. Because 1) very little
seismic activity has been recorded in historic time, and 2) instrumental
records indicate the level of seismic activity to be very low in St.
George Basin, it is difficult at this early stage of investigation to
distinguish aseismic growth faults from seismogenic tectonic faults.
Positive proof of the presence or absence of seismic activity is needed to
distinguish between young tectonic and late stage diagenetic processes in

the St. George Basin.

Distant sources are an important cause of earthguakes in the St. George
Basin., The modern tectonic'pTate convergence at the Aleutian trench and
the associated Benioff zone is now the dominant distant source of large
earthquakes affecting the St. George Basin (see Figure 1-22). The sub-

duction configuration (outlined by Benioff zone) projects beneath the

| Aleutian Islands from the Aleutian trench. Most of the deepest seismicity

occurs at or very near the vofcanic line, which suggests that the Benioff
zone ceases north of the Aleutian Islands (see Figure 1-22). The focal
depths of earthquakes on the Benioff zone north of the Aleutian Islands
are likely to be greater than 70 to 95 mi. Earthquake magnitudes at these

depths are commonly less than 7-3/4.
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The volcanic centers south of the St. George basin within the Aleutian
Islands are the most likely sources of volcanic earthquakes iA relatively
close proximity to the basin (see Figure 1.1).' Geologic evidence indi-
cates that two volcanic eruptions occurred on St. Paul Island within the
past 10,000 years. In all, 36 eruptive events have been documented during
the past 320,00 years (Hopkins, 1975). This suggests that volcanic
activity and associated earthquakes are possible in the future, although
the recurrence intervals of such events appears to be long. The maximum
earthquake is not expected to be greater tﬁan about mégnitude six to seven
based on the world wide record of earthquakes associated with alkali

volcanic eruptions.
North Aleutian Basin

The North Aleutian Basin geology portrays a relatively stable tectonic
environment on the back side of the Aleutian arc. Since late Mesozoic

time, there has been only mild folding at the southern edge of the basin

near the Alaska Peninsula. The basin consists of an asymmetric, back-arc

half graben located to the north of the Alaska Peninsula volcanic island
arc (Grantz et al., 1975). In cross secton, the basin is deepest aldng
fhe northern edge of the Alaska Peninsula and becomes shallower north-
westward across the axis of the basin. Subsidence pfobab]y ensured

during late_Mesozoic time during formation of the underlying eroded
bedrock platform (Scholl and Hopkins, 1969). The subsidence was accom-
panied by contemporaneous Cenozoic sedimentation and minor normal faulting
but not major diastrophism. Thé basin is structurally bounded to the

north by the Goodnews arch and to the south by the Aleutian volcanic line.
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The western offshore limit of the basin is bounded by a change in the

‘siructural trends near Unimak Island from west-southwest, typical of the

basin, to northwest, based on magnetic, graVity, and seismic profile data.
This configuration is consistent with the bend in the offshore regional
structural trends in the Bering Sea controlled by the late Mesozoic plate

boundary (Marlow et al., 1976a,b).

The North Aleutian Basin structure, in general, lies outside the difect
influence of the present plate tectonic collision at the Aleutian trench.
The basin lies on the back side of the volcano line forming the backbone
of the Alaska Peninsula. This line seems to mark the northern limit of
major seismic activity for most of the Aleutian plate convergence. The
Tow seismicity north of this line may signify a lack of deep under-
thrusting beneath the Alaska Peninsula and the lack of effective pene-
tration of the Benioff zone beneath the north Aleutian basin (AEIDC and
ISEGR, 1975). The higher seismicity environment lies south of the

volcanic line and underlies the Aleutian shelf and Aleutian trench.

No major faults or structural trends are recognized within the limits of
the north Aleutian basin. Most of the evidence for regional compressive
forces is preserved in Cretaceous and older rocks that are somewhat
faulted and folded (Hoare, 1961). Some of those Mesozoic faults aﬁe
recognized onshore at the surface, but the influence of tectonic stresses
and the recency of activity are far less than those found south of the
Aleutian arc (Hoare, 1961). The only major fault trend projecting into
close proximity of the north Aleutian basin is the Togiak-Tikchik segment

of the Denali fault. A schematic cross section is shown by Figdre 1-24.
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The southern 1imit of the basin is bounded by the structural arching of
the Alaska Peninsula and its associated active volcanic centers, which

may serve as earthquake sources due to volcanic processes.

The greatest distant earthquake source is associated with deformation at
and near the modern Aleutian trench tectonic plate boundary located about
160 mi south of the basin. This zone defines the interaction between the
North American and Pacific tectonic plates (see Figure 1-24) and dips
northward beneath the Alaska Peninsula and the north Aleutian basin at
depths probably greater than 70 mi. The seismicity generally deepens from
the trench northward. The continuation of this Benioff zone far north of
the Alaska Peninsula is not supported by deep seismic events (125 td 250
mi), indicating relatiVely shallow penetration of the Pacific plate (AEIDC
and ISEGR, 1975b). Major earthquakes can be expected from that plate /f\ﬁ>
convergence in the future. Some researchers believe that the Alaska
Peninsula segment of the plate boundary is overdue for a major earthquake.
Based on historic activity, it is considered to be a likely candidate for
the next major earthquake in Alaska (Sykes, 1971) with a magnitude)in the
range of 7.8 to 8.7 (My). o

The Togiak-Tikchik segment of the Denali fault and the Holitna fault
extend northeasterly from Togiak Bay at the far north side of north
Aleutian basin. Pratt et al. (1972) suggested a curving offshore exten-
sion of the same structural trend through Hagemeister Strait to the

164th meridian in the Bering Sea. However, no extension wés found farther

west by Marlow et al. (1976a), who point out that the fault may A~

terminate far north of the St. George Basin. The Togiak-Tikchik segment
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is not considered a probable earthquake source; however, because of its
association with the Denali fault, it may have a long recurrence interval

between earthquakes of moderate size.

The Holitna fault segment is located northeast of the Togiak-Tikchik fault
segment along the Denali fault zone. The fault is a steeply dipping

reverse fault that has been traced for about 70 miles and is considered an
earthquake-producing structure. No earthquakes of magnitudes equalvto or

greater than five have been associated with this fault.

The Aleutian arc and Alaska Peninsula consist primarily of accumulations

of volcanically derived rocks and large andesitic volcanic centers. At
least 60 of those volcanic centers have erupted during the past 10,000

years (AEIDC.and ISEGR, 1974b). Usually, the andesitic vdlcanoes are
characterized by violent explosive eruptions. They may be capable of
causing moderately large earthquakes. At least ten active volcénoes line
the southern edge of North Aleutian Basin (Figure 1-10), any one of which is

capable of future volcanic or earthquake activity.
Navarin Basin

Because of remoteness and lack of any known significant earthquake activity,
there is presently no substantial basis for assessing the seismicity other
than its comparative remoteness from the Aleutian underthrust zone.

Faults have been interpreted from marine geophysical profiles, but their
seismogenic potential is unknown. Comments similar to those regarding a
possible "growth fault" origin, as applied to the St. George Basin faults,
would abpear to apply here also. No major on-land faults are believed to
extend into the area.
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The shaking produced by the distance earthquake sources in the area of the -

Aleutian Islands shou]d also be considered in assessing the earthquake

risk for any production facilities.
Activity

The seismic activity in the southern Bering Sea is primarily a result of
the collisoin of the North American and Pacific p]ates in the Benioff zone
which parallels the trends of the Aleutian Islands. Seismicity drops off
in the northern Bering Sea and is caused primarily by local geoiogical

faulting.
St. George Basin

The seismicity of the St. George basin from 1902 to 1975 is summarized in
Figure 1-21. In general the seismic activity directly within the St.
George Basin is very low. There seems to be some disagreement in asses-
sing the magnitude of potential earthquakes; OASES'assigned a magnitude of
5.9 to thé largest event, while others say there is a possibility of
having an earthquake with a magnitude up to 7.2 in the St. George Basin.
More distant sources are also certainly a consideration with earthquakes
up to magnitude 7-3/4 being possible at depths greater than 70 to 95 miles

in the Benioff zone north of the Aleutian Islands.
North Aleutian Basin

The northern 1imit of major seismic activity in the North Aleutian basin
structures lies along the back :side of the volcano 1ine forming the

backbone of the Alaska Peninsula. Considering the past seismic history
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of the area, the Alaskan Peninsula segment of the plate boundary is a
potential candidate for a magnitude 7.8 to 8.7 earthquake (Sykes, 1971).
The Holitna fault segment northeast of the Togiak-Tikchik fault segment
aiong the Denali fault zone seeﬁs to be associated with much smaller
earthquakes with none greater than magnitude 5 being expected. Seismic
activity in the Bristol Bay region from 1902 to 1975 is shown in Figure

1-21.
Navarin Basin

Due to the lack of significant seismic activity in the Navarin Basin, no

seismicity maps are included for the Navarin Basin.
Ground Motions

Thé ground motions expected in the St. George, North Aleutian, and Navarin
basins have been summarized in a series of acceleration response spectra
in Figure 1-7 to 1-9. Zones for seismicity factors along with API design

earthquake are shown in Figure 1-3.
St. George Basin

The ranges of 100-year return period peak ground acceleration‘vélues from
the OASES study are shown in Figure 1-13. The contours indicéte that the
seismic exposure decreases toward the northwest. In order to develop
parameters for seismic design, peak ground acceleration values of 0.lg,
0.125g and 0.14g are estimated as the lower bound, design basis, and upper
bound, respectively. Using these acceleration values and spectral shapes

deve]opéd in the QASES study, design acceleration response spectra were
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developed. The spectra (for damping = 5%), as shown in Figurq 1-7, are
for two site conditions: (1) for deep strong alluvium, and (2) for loose
or soft material overlying deep strong alluvium. For comparison, the API

RP 2A seismic design criteria for this region (Zone 3) is also shown.
North Aleutian Basin

The ranges of 100-year return period peak ground acceleration values from
the OASES study are shown in Figure 1-13. The trends of the contours show
that seismic exposure decreases in the northwesterly direction. In order
to develop the parameters for seismic design, peak ground acceleration
values of 0.18, 0.24, and 0.3g are estimated as the lower bound, design
base, and upper bound, respectively. Using these acceleration values ‘and
spectral shapes developed in the OASES study, design acceleration response
spectra were developed. The spectra (for damping = 5% shown in Figure
1-9) are for two site conditions: (1) for deep strong alluvium; and (2)
for loose or soft material overlying deep strong alluvium. For com-
parison, the API RP 2A seismic design criteria for this region (i.e.,

Zone 3) is also shown.
Navarin Basin

Based on the low seismicity of Navarin Basin, the 100-year return period
peak ground acceleration for the entire basin was estimated to be less
than .05g. Using this acceleration value and spectral shapes developed in
the OASES study, design acceleration response spectra were developed. The
spectra (for damping = 5%) show in Figure 1-8 are for two site condi-

tions: (1) fof deep strong alluvium; and (2) for loose or soft material
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overlying deep strong alluvium. For comparison, the API RP 2A seismic

design criteria for this region (i.e., Zone 1) is also shown.

1-43



1.5

1.5.1

Ice ' _ - : -

Ice can cover the areas of interest in the Bering Sea for approximately
eight months out of the year; however, generally ice-free conditions are
found from mid-June to mid-October. Ice is therefore an important con-

sideration in the design of structures for the area.
Coverage and Movements

A considerable amount of information exists on the movement of ice within
the Bering Sea from satellite data and other observations. One of the
more comp]eté studies was presented in 1975 by Potocsky, who analyzed data
obtained over 16 years (1954-1970) by U. S. Navy reconnaissance flights,

ice breaker reports, and satellite imagery.

Ice edge statistics from the study are plotted in Figure 1-25 for monthly
average and extreme va]ués. The ice edge represents ice concentrations
greater than 0.1 areal coverage. Presentation of only ice edge informa-

tion may be somewhat misleading, since the ice edge is so dynamic, moving
tens of miles in a single day, seasonal ice coverage varies dramatically.

In the St. George Basin and North Aleutian Shelf there may be several
consecutive years when no ice is present. For instance, St. George has

not had any ice coverage since March 1976. When ice is present in a basin

in a given year the ice edge may move back and forth, invading and retreating

from an area many times throughout the winter and spring.

Many factors influence the movement and speed of ice floes, inc]udihg
regional winds, waves, currents; ice geometry, and water depth. The

)

results of various studies which have been published show that the ice in
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& Y the Bering Sea is very dynamic in all but the most highly protected bays
and inlets. The ice is moved south throughout most of the winter by
strong NE winds. Typical long term motions are on the order of 10 miles
per day with maximum velocities of greater than 20 miles per day. Hence,
winter operations in most of the Bering Sea will require platforms that

can withstand large amounts of ice movements (AOGA, 1980).
1.5.2 Features

Reflecting its vast expanse, a wide variety of ice features may be encoun-
tered in the Bering Sea. Significant multi-year ice has not been detected.
It is possible that multi-year ice can occasionally drift through the

Bering Strait into the Bering Sea (AOGA, 1980).

In general, significant first-year ice features to be expected in the
Bering Sea can be divided into the following basic types: sheet ice,
broken ice, rubble piles, and pressure riding. Each exists in various

forms at various times and in various combinations in the Bering Sea.

Sheet ice is defined as ice of a single thickness. Maximum sheet ice
thicknesses for St. Lawrence Island and Port C1aren§e can be expected to
be in the range of 3-1/2 feet. Continual floe fracturing, lead formation
and subsequent nila growth and floe movement, however, can result in-a

wide range of ice thicknesses at any latitude (AOGA, 1980).

Broken ice is ice which is not bonded together in a solid sheet. This
type of ice generally exists at an ice edge. The distance between the

£ broken ice edge to solid ice cover is genera]]y/no more than about 60
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miles during freeze-up. During breakup, however, this distance varies a )

large amount, depending on wind action.

A pressure ridge is generally defined as a'iine or wall of broken ice.
Ridges are predominantly caused by wind-induced stresses in the ice field.
Ice can pile up on top of the sheet ice. Ice pieces also can be accumu#
lated below the waterline, with 1ittle or no evidence above. A wide range

of ratios of ridge sail height to keel depth thus can occur (AOGA, 1980).

There are indications that the intensity of ridging may vary system-
atically along the coast. Limited information exists on seasonal and

annual changes in ridging. Data on ridging in the Bering Sea are limited.

Recent ridging information comes from laser profiles of ridge sails. The,

keel depth cannot be accurately estimated from surface data. Means of //QND
estimating how frequently rare, large pressure ridges form have not been

refined. Data on the bulk properties of first-year compressional and

shear ridges and of multi-year ridges are not available, and little is

-

known about the forces involved in the ridging process.

The related information on ice thickness is more important than ice type.
No simple method exists to measure ice thickness from the upper ice
surface. The best data are from the upward-looking sonar records made
during nuclear submarine cruises across the Arctic Basin. These data are
at best limited. Some expected ice thicknesses are given in Tables 1-1 to

1-3.

When the polar pack drifts into'the shallower waters of the Alaskan

continental shelf, the deeper pressure ridge keels can come into

1-46



o,

-1.5.3

-contact with the bottom. The result is a series of gouges in the sea

floor. In terms of frequency, up to 400 gouges can be found per nautical

mile; occasionally, these are deep. Gouges in excess of 10 feet are found

of f the Alaskan Beaufort coast. Reasonably good documentation of both

-gouge depths and spatial frequencies are available for the Beaufort coast

out to water depths of 115 feet. Some data exist for the Chukchi and

Bering Seas but they are not extensive.

Information is not available to accurately estimate the frequency and

depth of rare deep gouges or the forces involved in gouging different

types of sediments (National Petroleum Council Committee, 1981).

Strength

Ice strength can be divided into two categories: Unit ice sheet.strength
properties and broken ice mass. It is generally agreed that broken sea
ice rubble, usually in the form of first-year pressure ridges, will be a
significant factor in the design of offshore facilities and routing of
transportation vessels. While considerable effort has been expended to
determine uniform ice sheet strengths, investigétfon of the mechanics and

properties of broken ice masses is still in its infancy (AOGA, 1980).

Many investigators from industry, government, and universities have
measured unit ice strength properties (e.g., crushing, flexural, shear,
adfreeze). For relatively warm, first-year sea ice, such as that in the
Bering Sea, crushing and bending strength d&ta are abundantly available
(Chevron 011 Field Research Co., 1973; Croasdale, 1971; Kry, 1975;
McQuain, 1954; Lee & Simpson, 1954,‘Shapiro, 1977; Véudrey, 1977;
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and Weeks and Assur, 1967). On the other hand, shear and adfreeze
strengths have recelved little attention, perhaps due to the d1ff1cu]ty of
establishing adequate testing procedures. The vast majority of previous
ice strength investigations has been either laboratory or small-scale

tests. Measurement of large-scale stresses situ is important, because

sea ice is a large crystalline materia]. Ice behavior analytical models,
particularly those including plastic or viscoelastic effects, are app]i-
cable to the Bering Sea since it is a region of h1gh deformat1on and

relatively warm ice temperatures (AOGA 1980).

Behavior of broken ice masses has been considered theoretically using soil
mechanics relationships, but properties such as effective cohesion and

internal friction are difficult to determine quantitatively. Pressure ridge

or ice pileup formation has been modeled mathematically, but only a few f/\vj
field efforts have attempted to determine the degree of consolidation of
ridges or ice rubble piles (AOGA, 1980).
Based on probable ice conditidns expected in the Bering Sea, ice crushing
strengths estimated for the St. George, North Aleutian and Navarin Basins
are given in Tables 1-1 to 1-3.
1.5.4 Ice-Structure Interaction
Determination of ice loads on structures is a function of driving force,
ice features characteristics, and structural confiquration. The driving
force is limited by the amount of stress that can be exerted by the wind
and current and sustained by the sheet ice. Physical parameters of sea
ice, such as sheet thickness, salinity, age, and temperature, are required w)
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to determine thelstrength of the ice. In addition, the general ice
feature characteristic, such as sail agdAkee1 dimensions, void ratio, and
consolidation, are important. The resultant force will depend on ice
failure mode, which is primarily a function of the general ice features

characteristics and structural configufation (AOGA, 1980).

When the sea surface temperature is within 10°F of the freezing point, the
simultaneous occurrence of below-freezing air temperatures and high winds
generates waves and spray, which can cause ice to form on the superstruc-
tures of vessels and platforms. Existfng information on this phenomenon
is Targely based on observations made by fishing trawlers. Large masses
of ice can accumulate rapidly. In extreme cases, the stability of small
craft is endangered, but Targe tankers will have no problem. This hazard
will be pronounced in the Bering Sea during times when ice is not present
to Timit wave conditions. Spray icing will have to be considered in the
operation of offshore mobile rigs (National Petroleum Council Committee,

November, 1981).

In Tables 1-1 to 1-3, ice loading parameters are presented, including
superstructure icing, ice movement velocities, ice thickness/strength, as
well as ice loading. Superstructure icing accumulations are to be used to

calculate weight added to floating systems.
Ice Slamming/Local Pressures

Wave-ice interaction may be the controlling design premises for local
loading on Bering Sea platforms. It is assumed the maximum wave height

that can be generated with an ice cover and that can transport thick ice
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pieces is about 15'. Using an ice floe size.of 60' diameter and 10°
thick, an orbital velocity of 20 fps is calculated from simple energy
relationships. Orbital ve]ocity.vaIues are extremely conservative
because actual transport velocities will be significantly less. It was
the consensus of the Environmeﬁta1~5teering Committee to use the range of

ice slam velocity values presented in Tables 1-1 to 1-3.

Assuming ice slam velocities, impulse-momentum can be used to calculate

local forces.

i} _ 7(30)2 10 (57.6) (6)
Fo= By . X RN L (2)

1.5(106) 1bs

,/’\jD

Assuming the load is confined to concentrated areas of the structure

(5 foot square), the local confining ice pressure used to design stif-
feners or reinforcing collars is approximately 450 psi»corresponding.to a
slam velocity of 12 fps. It is suggested that this ice pressure be
applied everywhere on the structure from +15' above MWL to -25' below MWL.
Local ice pressures associated with ice slam velocities are given in

Tables 1-1 to 1-3.
Ice Loading/Global Design

If a conservative failure mode (such as continuous crushing) is chosen,
the ice loading per unit width of structure can be determined from

Korshavin's equation : ' T
F = Ifc act (2)
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based on unconfined ice compressive strength, consolidated ice thickness,
ice type, and ice movement rate for a given ice temperature and salinity.
Ice drift velocities in the Bering Sea are sufficiently high to generate
maximum ice strength and to reduce the contact factor to its lowest value,
fc = 0.25. Assuming an average ice temperature of -3°C and a salinity of
9 ppt, granular and unoriented columnar sea ice strengths can be calcu-
lated from API Bulletin 2N Figures 3.2 and 3.3 by multiplying the maximum
crystal size values by 30% to account for warm temperatures and high

salinities.

|

Indentation factors of I = 1.2 for granular ice and I = 3.0 for columnar
ice can be used to account for confinement. Using rafted ice thicknesses,
ice loading values are calculated from Equation (2) and presented in
Tables 1-1 to 1-3, assuming each rafted ice floe is composed of 50%

granular (top) and 50% columnar (bottom).

The previous calculations are based on rafted ice floes assuming complete
consolidation. Another possiblie scenario is a warm compression ridge
moving past a structure leg, failing in double shear. The loading is
determined by using the double area based on the assumed ridge cross-

section shown in Figure 1-26.

The two ice loading values presented as Parameters 9 and 10 in Tables 1-1
to 1-3 show that rafted ice crushing governs in all but one case; however,
it is recommended that for the Navarin Basin rafted ice crushing loads be
applied across the entire structure, assuming ice arching effects from a

floating rubble field. It is believed that in St. George Basin and North
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Aleutian Shelf sufficient clearing will take place, so ice loadings may be 7

applied only across each leg diameter individually.
Wind-Wave-Current-Ice Interaction

While waves generally are not conéidered a problém on ice covered waters,
wave energy can propagate through pack ice to form waves in leads or other
areas of open water. The pack ice acts as a selective filter which allows
long period wave energy through and dampens out short period energy.

As the pack extends both in horizontal coverage and in ice thickness, long
period energy also is dampened. Long period swell can be detectable

several hundred kilometers into the Antarctic pack ice.

Wave height attentuation through energy loss results from.hysteresis in

the deflecting ice sheet, dissipation in the boundary layer beneath the T
ice sheet and hydraulic jumps formed by over-topping water due to wave

motion. Thin ice sheets of lengths near 5 times the incident wavelength

decay the wave amplitude exponentially, (Ofuya and Reynolds, 1967). The

effect is the same as if the waves had propagated into liquid 25 times the
viscosity of water. Pack ice of areal extent 20 to 30 times the incident

wavelength acts as if it were a liquid with the viscosity equal to 50

times that of water (AOGA, 1980).

Theoretical descriptions of the propagation of waves through pack ice have
been attempted since the early 1950's. Actual measurements of wave height
or energy after travel through pack ice are few and the work of Robin is
probably the most complete. Laboratory simulations have been attempted

but modeling both the ice strength and scaling of waves and ice has )
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hampered‘such work. The slamming of ice on structures by wave action has

been studied as related to lighthouses, and icebreakers (AOGA, 1980).
Storm Wave-Ice Interaction

The following summarizes an analytical study of wave-ice interaction

design basis conditions for the Southern Bering Sea.

The assessment of this design condition as summarized in Section 1.5.4.1
was based on a series of experience based subjective judgments made by the

study team and Steering Committee.

This initial analytical study was intended to investigate the influence of
plausible ranges in the controlling parameters on the design basis impact
vé]ocities. An analytical model developed by Mobil Research and Develop-
ment Corporation (MRDC) was used to analyze the wave-ice interaction

phenomenon and determine the ranges in potential impact velocities.
Parameter Ranges

Table 1-5 summarizes the combinations of parameters and quantities studied.
Table 1-6 defines each of the parameters listed in Table 1-5. Included

are parameters that pertain to:

Ice geometry (width, length, thickness, shape)
Water conditions (depth, mixing depths)
Wind conditions (speed)
Currents (ambient, wind)
‘waves (height, period)

Steady current cdupling (coupling coefficient)
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Twenty-seven cases were analyzed, representing plausible ranges in input f/ﬁ\j
parameters and representing automated generation of wave and current

conditions by the computer code. The program does not allow explicit
investigation of the force coefficients and force formulations. These are

built-in to the program as described in the next section.

Analytical Model

"The model can be visualized as illustrated in Figure 1-27. Wind, wave,

and current conditions are utilized to describe the forces developed on a
floatihg ice mass of given geometry. Given the forces, velocity contri-
butions of each component (wind, wave, current) are determined. The

maximum of each component is summed to determine the resultant velocity of

the ice. | /”“»j
Only horizontal velocities are determined. Only a single degree of

freedom of motion (horizontal) is considered.

The force (F) formulations important to this problem (a relatively small
piece of first-year ice transported by wind, wave, and current) are based

on the following:
F=xAvV2

where K is a force constant, A is a projected area variable, and V is the

wind, wave, or current velocity.

The force constants embodied in’ the computer program are based on field

and 1abokatory experimental data. For example, iceberg tow studies in

NP

which the towing forces and velocities were determined for given sizes and
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geometrics of ice masses were utilized to determine force coefficients
appropriate for steady current velocities. The coefficients were chosen

to represent conservative, yet realistic values.

As noted, the computer program allows the user to specify a wind speed and
then proceeds to automated computation of wind currents and waves. A
Sevdrup, Munk, Bretschneider (SMB) wave forecasting procedure is used to
compute the significaﬁt wave heights and periods. A classical two-iayer,
water-wind interaction model is used to determine wind driven currents. A
500 nautical mile fetch is built-into the program to determine automated |

wave conditions.

The coupling coefficient cited is an operator controlled parameter which
is applied to all steady currents. This coefficient provides a means

of studying the effects of less than perfect coupling between the steady
currents and the ice mass. If the coupling coefficient is assumed to be

unity, the ice mass and steady water velocities are assumed to be the same.

Results

Table 1-7 summarizes the computed maximum horizontal ice velocities for
each of the twenty-seven cases defined in Table 1-5. _For the ranges of
parameters studied, the velocities range from 4.8 fps to 32.2 fps, com-
pared with a design basis base case of 13.8 fps. Note cases numbers 5 and
18 result in the highest computed velocities, 28.1 and 32.2 fps, respec-
tively. Both of these cases are for the condition where the computer
program determines the associated storm heights and currents defined from
thevinput storm wind velocities. In the next section, a discussion is
developed on the interpretations of these results.

1-55



Case number 1 (Table 1-7) is that intended to replicate the ice wave /45\7
interaction design basis conditions case defined for this study in Section

1.5.4. The primary elements of input for this case were:

Ice geometry (20 meter width and length, 3 meter thickness)

Water conditions (150 meter depth, 10 meter mixing depth; note
that in all cases the mixing depth for computing surface currents
was chosen to be greater than the ice draft, thus, the ice flce

is subject to the full surface current velocities)

Wind conditions (choosen as 30 minute average at 10 meters eleva-
tion; note computer code does not decrease wind velocity to
velocity at free surface)

Currents (ambient of 0.5 meters per second and wind current of 1.0
meter per second) ' P
Waves (5 meter height and 10 second period)

Coupling coefficient (assumed to be 1.0)

The computed maximum horizontal velocity is 13.8 fps; compared with an

initial design basis condition assessment of 12 fps, very good agreement,

The computed maximum horizontal velocity of 13.8 fps is composed of the

following velocity contributions;

° Wind drag, 3.0 fps
Wave velocity, 4.4 fps
° Wave drift, 1.5 fps
Wind current, 3.3 fps
Ambient current, 1.6 fps ;;}

1-56



o
_ ::)

The motions contributed by the waves account for the largest velocity
component (5.9 fps, or 43 percent of tpe total). The motioné contributed
by the currents account for the second largest velocity component (4.9
fps, or 36 percent of the total). The motions contributed by the wind

drag account for the remainder (3.0 fps, or 22 percent of the total).

Case number 25 (Table 1-7) is that intended to simulate possible wave-ice
interaction conditions during design basis oceanographic conditions in the

Southern Bering Sea. The primary elements of input for this case were:

- Ice geometry (20 meter width and length, 3 meter thickness)
- Water conditions (150 meter depth, 10 meter mixing depth)
- Wind conditions (130 mph)
- Current (4 fps)
- Waves (80 feet height, 14 second period)
- Coupling coefficients (1.0)

The computed maximum horizontal velocity is 25.7 fps; compared with an

initial design basis condition assessment of 12 fps, a large discrepancy.

The computed maxium horizontal velocity of 25.7 fps is composed of the

following velocity contributions:

- Wind drag, 3.3 fps

- Wave ve]ocity, 17 fps
- Wave drift, 1.4 fps

- Wind current, 3.3 fps

- ‘Ambient current, 0.7 fps
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Again, the wave accounts for the largest velocity component, 17 fps, or 66 ™
percent of the total. For a wave height of 70 feet and 13 secbnd period,
all other variables held constant, the computed maximum horizontal velocity

is 24.5 fps with the wave contributing 15.9 fps or 65 percent of the total.

Figure 1-28 presents a "bow-tie" graphical portrayal of the sensitivity

of the changes in the base case resultant ice velocity w{th changes in key
parameters. The presentation is given as the percentage change in the

resultant velocity (ordinate) with the percentage change in a given

parameter. Within the ranges portrayed by thesé results and focusing

on the positive changes in the resultant velocities, the parameters that

have the largest influence on the results are in order of importance:

currents, wind speed, wave height, and ice size. Note that changes in

these parameters of + or -100 percent have only a 10 to 40 percent change f/’\“j
in the resultant parameters. The resultant velocities appear to be |
relatively insensitive to plausible changes in the parameters within these

ranges.
Discussion

The resd]ts developed in these analyses indicate that the initially
assessed design basis ice-wave interaction impact velocity of 12 fps, and
an associated range of 10 to 20 fps, generally fall within the range
determined from the foregoing analyses. The principal exception regards
the definition of the storm wind, waves, and currents that should accom-
pany or be combined with a winter ice-edge breakup condition.
a . —

The analyses indicate storm wave heights in the range of 14 to 25 meters ‘)

and wind currents in the range of 0.5 to 1.7 meters per second associated
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with storm wind velocities in the range of 50 to 100 knots. The great
majority of the values used in the assgssment were fdr wave heights in the
range of 5 meters. Consideration of the environmental conditions that
could lead to storms resulting in breakup of the ice edge (severe winter
storms) implicate wave heights, wind currents, and wind velocities in
excess of the majority of the values utilized in the original assessment.
This is an important topic for further consideration in development of
realistic design criteria for the jce-wave interaction in the Southern

Bering Sea.

Another topic warranting further consideration is that associated with the

analytic computer model utilized for these analysis. The model represents

~an important first-generation step foward in analyzing the interaction of

waves and ice. The model represents a combination of rudementary physics,
hydrodynamic theory, field and laboratory empirical results, and judg-
ments. The model has been intended to develop results that are "realistic,
yet conservative". The model is being applied to conditioné that gener-
ally lie outside the primary ranges for which it was developed (iceberg-
wave interaction in modérately severe oceanographic conditions). No

calibrations have been done on the model.

Undoubtedly, more complete and realistic analytic models can be developed.
The question is whether such models are warranted given the present
understanding of the parameters, given quantities required as input to
such a model, and given the basic understanding of the phemenona con-
trolling wave-ice interaction. Physical model testing, combined with

improved analytical modelling is a promising next steb in the developments.
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Another element warranting consideration regards the structure being ’ f
impacted by the ice. Thus far, a rigid structure that must fully absorb

the impact has been assumed. This assumption can either be conservative

_or unconservative depending on the characteristics of the structure and of

the ice. Compliance of the structure can either amplify or reduce the

impact. The crushing of the ice as it impacts the structure can lead to
substantial reductions in the energy absorption repuirements of the

structure itself. Three-dimensional motions of the ice (rotation, ver-

tical) add further complexities to this consideration. Again, a combina-

tion of physical model testing and analytical modeling is suggested as a

promising avenue for development of more realistic analyses.
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¢ . 1.6 Design Basis Conditions

The design basis conditions and the associated ranges in these conditions

are intended to provide a realistic basis for:

- Screening alternative concepts of production systems and
components.

- Determining the projected or estimated costs associated with the
most viable of these systems.

- Identifying major engineering problems, constraints, and informa-
tion needed to allow development of production systems to go

forward without undue delays or costs.

The design basis conditions should not be confused with design criteria.

Design criteria consist of two primary components: (l) Environmental
Loading Criteria, and (2) Structural and Foundations Strength Criteria.
The intended combined effect of these two components is a production
system that represents'an equitable balance of costs and risks for a

particular development, type of system, and specific location.

This study has not attempted to‘exp]icitly develop eithgr an integrated
system of environmental loadingé and structuré1-?6undafien criteria nor a
risk-cost ba]ancéd criteria. Rather, it has utilized generally accepted
design methods and criteria from other similar 1ocations, such as the
North Sea, adapted for the unique environmental con&itions in the Southern

Bering Sea.

ﬁ”’“ﬁ The study consulting team and the participants Steering Committee feel
C;V that the design basis conditions and the associated ranges in these
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1.6.2

conditions (identified as lower basis and upper basis) bracket plausible
design criteria for projected operations and production system; in the
Southern Bering Sea. Due to the unusual multiple environmental loading
threats which are present in this area (storms, earthquakes, ice and
wave-ice) and the large uncertainties presently associated with charac-
terization of these loading environments, it is suggested that inter-
pretitve weighting be given to the upper basis design conditions and

associated system costs.
Method Used to Develop

The information summarized in this report represents the synthesis of
information currently available in the literature. The two major sources
of environmental information were 0il and gas industry-sponsored research
and development reports and documents available from Federal Agencies.

The background information was summarized by the consultants and then

‘reviewed by the industry Steering Committee to provide the current set of

recommended design basis conditions.
Soils

The distribution of soil types is known in only a very broad sense from
seismic reflection profiles and core samples as is shéwn in Figures 1-4
énd 1-12. The soil properties of the St. George Basin are much better
known than either the Navarin or North Aleutian Basins, especially in deen
water. On the inner continental shelf of the Bering, surface sediments
are primarily granular in naturé decreasing in size away from the coast

and with depth. On the outer shelf sands still predominate, while in

deep water clayey silts become more preva1ent.
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The information from this report is intended as a guide to help in
assessing the probable strength and stiffness of soils in the areas of
interest in the Bering Sea. The enginéering properties of the soils
quoted here were based on bottom sediment information and core samples.
Two basic soil types have been identified, cohesive and granular. The
cohesive soils shown Figure 1-5 reflect the crust-like behavior of the
soil; three different profiles for.soft, medium, and stiff clay have been
plotted to provide a bound on the expected soil conditions. In Figure
1-6, reflecting the variations in density and grain size characteristics
in the soil profi]é, three different curves have been plotted for granular
soils to bound the range of soils expected; observe that for loose to
medium silts and sands and for medium to dense sands, liquefaction may be
a problem. Additional information on the expected soil properties is also
summarized in Tables 1-1 to 1-3. It is assumed that no significant
changes 1in properties are caused by environmental conditions. It should
be noted that permafrost is not expected to be a problem in the areas of

interest.

Aﬁ important related consideration for the soil properties is the problem
of potential geologic hazards. Liquefaction under seismic and storm wave
conditions may be a problem in both the St. George and North Aleutian
Basins. Based on bathymetric information given in Figures 1-4 and 1-10,
and the unstable sediments present in the St. George Basin, slope sta-
bility may present a problem in that area and to a lesser extent in the
other two basins. Both the St. George and Navarin Basins should be

considered areas where gas-charged sediments may prove to be a hazard.
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It should be understood that the information in this study is;general in
nature. Site-specific data must be determined for any proposed installa-

tion.
Oceanographic

Tables 1-1 to 1-3 contain a summary of the design basis oceanographic
conditions in the St. George, Navarin and North Aleutian Basins. The
lower and upper bound water depth range of interest was set at 300 to 600
feet in the St. George and Navarin Basins with a design basis at 450 feet,
and a sensitivity range of 200 to 350 feet in the North Aleutian Basin
with a design basis of 300 feet.

Weather is very changeable over the Bering Sea. Severe Storms in the
Bering Sea often cover a large area and are dominated by intense Aleutian //\Y:
Tow pressure. The months from fall through spring are characterized by
traveling cyclic disturbances which traverse the region as shown in
Figures 1-13 to 1-15. Winds of over 100 mph can be expected each year in
each of the basins. Expected extreme wind speeds are given in Figure
1-17. The design basis wind speeds in Tab]e§ 1-1 to 1-3 are 130 mph for
both the St. George and Navarin Basins and 120 mph in the North Aleutian

Basin.

Waves are a direct result of the storms in the area. Extreme and opera-

tional conditions can be expected to be similar to those in the North Sea.

From Tables 1-1 to 1-3, the following design basis wave conditions are

given: St. George Basin, wave -height 85 feet and period 15 seconds; ST~
Navarin Basin, wave height 80 feet and period 14 seconds; and North H;j

Aleutian Basin, wave height 78 feet and period 15 seconds. Similar
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wave heights as well as wave steepness are indicated for the API design

table in Figure 1-2.

Information about currents in the Bering Sea is especially critical in
predicting ice movements and hydrodynamic forces. Such information is
relatively scarce for the area. From the sources available in addition to
the sensitivity range, the following design basis currents from Tables

1-1 to 1-2 were selected: St. George and Navarin Basins, surface current
speed 4 fps and bottom current speed 0 fps; and North Aleutian Basin,

surface current speed 5 fps and bottom current speed 2 fps.

Water level rises due to surges and tides are addressed in Table 1-1 to
1-3. Design basis surge and tide heights were set at 7, 5 and 12 feet in

the St. George, Navarin and North A1eutian Basins, reépectively.
Earthquakés

The OASES study (1980) provided much of the primary basis for establishing
the earthquake design criteria. The seismic activity is considerab]e
greater south of the Aleutian chain than in the Bering Sea, with seis-
micity dropping off as one proceeds northward in the areas of interest.
Within the Bering Sea itself, the North Aleutian Basin is expected to
experience the largest earthquakes, fo]lowed by the St. George Basin; few

large earthquakes are expected in the Navarin Basin.

In developing the earthquake acceleration response spectra in Figures 1-7
to 1-9, both near-field events caused by local faulting as well as far-
field events from distant sources were considered. Curves were developed

for 5 percent of critical damping for two soil conditions and various
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ground accelerations; it should be noted for each of the curves that a
strong alluvium layer is postulated. For contrast, the API RP 2A accel-
erations from Figure 1-3 are also included based on the appropriate zone
¢lassification. From Tables 1-1 to 1-3, the design basis conditions for
ground acceleration, ground ve]ocity, and ground displacement were given
respectively as: St. George Basin, 0.125 g, 4.25 ips, and 0.5 in.;
Navarin Basin, 0.05 g, 1.5 ips, and negligible; North Aleutian Basin,
0.24 g, 8.0 ips, and 1.5 in. Upper and lower ranges of values fqrvthe

basins are also included in those tables.

It should be cautioned that local faulting should be considered in the

local site evaluation when assessing geological hazards.
Ice | //‘wé

Ice can cover the Bering Sea from mid-October to mid-June. Ice conditions
can vary considerably from year to year as indicated in Figure 1-25. Ice
lToads upon structures may take three different forms: icing which adds
additional weight and mass to the superstructure, quasi-static pressure
loading caused by drifting sheet ice or pressure ridges, and dynamic loads
produced by ice $1amming. In addition to the thickness of the ice, the
icé forces are also influenced by the physical structure of the ice as
well as whether the ice has been formed by pressure ridges or rafting.

The design basis conditions for fhe three basins which involve icfng, slam
velocity, local ice pressure, and crushing strength are summarized in

Tables 1-1 to 1-3.

Only those conditions which were dependent on the rafted floe thickness )

and ridging thickness were expected to vary from basin to basin.
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Contrasting with a rafted floe thickness of 3 feet and a ridging thickness
of 15 feet in the St. George and North-Aleutian basins, more severe
conditions were expected in the Navarin Basin with 8 feet and 20 feet for

the corresponding values, respectively.

For the design basis wave-ice interaction conditions, it was assumed

the maximum wave height that can be generated with an ice cover and

that can transport thick ice pieces is 15'. Using an ice floe size'

of 60' diameter and 10' thick, an orbital velocity of 20 fps is calculated
from simple energy relationships. Orbital velocity values are extremely
conservative because actual transport Qe]ocities will be significantly
less. It was the consensus of the Steering Committee to use the range of

ice slam velocity values presented in Tables 1-1 to 1-3.

To complement the va]ueé proposed for the.ice slamming velocities and the
local pressures, additional background material was developed in this
study.‘ Ice slam velocities in the range of twice the design basis condi-
tion of 12 fps were possible, however, dependent primarily upon the wave
height, indicating a need for caution in assessing local ice pressures and
careful consideration of the wave conditions to be used in combination

with the ice edge break-up conditions.
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1.7

Major Engineering Information Needed

One of the primary objectives of this study was to identify major engi-
neering information needed pertaining to environmental conditions and
criteria to allow development of the Bering Sea Basins to go forward

without undue and significant delays, costs, and risks._

This evéluation has been based on the information which has been developed .
during this study and in the subsequent findings of the studies of.pro-‘
duction system concepts. The évaluation has also been based on tﬁe study
documented in the report by the Alaskan 0il and Gas Association, "Recom-

mended Research Projects for the Alaskan Bearing Sea" (January 1980).

The major engineering information needs cited here are those the study
team has identified as being critical to the production system concepts ’ J
identified for feasibility study. Information needs for other system

concepts have not been identified.

Some of the major engineering information needs cited here are fulfilled
during the normal course of exploration and production operations, e.g.,
site hazards surveys and geotechnical studies. They have been cited both
for the sake of completeness and because of unusual or particularly
hazardous environmental conditions in portions of the Southern Bering

Sea.

Engineering information needs relative to environmental conditions identi-
fied herein fall into two categories: (1) information needed so that
appropriate engineering strategies can be developed for production systems

to adequately withstand the environmental conditions, and (2) information
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needed so that the uncertainties associated with the characterization of

the environmental conditions can be reduced, thereby allowing the use of

less conservative factors-of-safety and allowing significant savings in

first and long-term costs.

Table 1.4 identifies 22 specific efforts intended to provide information
for design and siting of production systems in the Southern Bering Sea.
These efforts have been organized into five categories: (1) soils, (2)
oceanogfaphy, (3) earthquakes, (4) ice, and (5) design criteria. The
general background of the efforts cited will be discussed in the following

sections.
Soils

Data on near surface sediments in the Southern Bering Sea has beén
gathered chiefly by the USGS. While the data is relatively sparse in this
very large area, when coupied with geophysics and geologic information, a
general appreciation of sediment distributions and characteristics is

possible.

Similarly, data on subsurface sediments in the Southern Bering Sea has
been gathered chiefly by the industry. However, only a few deep soil

borings have been obtained and analyzed.

While this information has been sufficient for purposes of this study, the
information is not sufficient for lease or site specific purposes.
Because production system concepts and costs are significantly impacted by

the soil conditions that must support these systems, careful assessment of
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« ' : P
Tocal soil and geologic conditions is important. Thus, site specific and !

route specific soil borings and surveys have been cited in Table 1.4.

A wide variety of geohazards have been identified in the Southern Bering
Sea (Marine Board, The National Research Council, “EnQironmental Exposure
and Design Criteria for Offshore 0il and Gas Structures® 1980). Principal

geohazards include sediment instabilities, sediment erosion and deposition

‘gas in sediments, shallow faults, and ice scouring. In general, these

geohazards are restricted to certain small areas of the lease areas and

are not widely distributed.

Specific gechazards at any one location may impact lease tract selection

or siting of production systems and components, e.g., pipelines. Pre-

lease sale identification of potential geohazards is the responsibility of . ——
the Federal Government as a part of their prelease sale Environmental g
impact assessment and reporting. Post lease sale identification and

evaluation of specific hazards is the responsibility of the operators as a

part of the pre-exploratory and pre-development data collection and

engineering processes. Collection and evaluation of pertinent site

geohazards data is an operator requirement under current Federal regul a-

tions. Thus, geohazards and bathymetric surveys and studies for platform

sites and pipeline routes were identified as engineering information

needed.

Oceanography

The direct force producing effects on storm winds, waves and current TN
acting on production systems in the Southern Bering Sea are one of the t;}
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three principal environmental loading hazards (ice and earthquakes are the
other two). Extreme conditions produce contro1iing lbading effects that
have important implications regarding’dvera]] strength requiremenfs for
these systems, floating or fixed, concrete or steel. Nominal, or more
frequently occurring wind, waves and currents, produce important effects
on operations, constructions, transportation and resupply. Production

system fatigue and dynamic response considerations also are of importance.

In addition to the direct force producing effects of extreme and nominal
condition oceanographic conditions are the indirect effects on seafloor
soil conditions. Scour and other forms of instabilities (general and
local) as well as potentially important changes in the engineering pro-
perties of the soils themselves can be developed by both nominal and

extreme oceanographic conditions.

Because of the pervading and potentially important influences of the
oceanographic environment on production systems in the Southern Bering
Sea, and because of a general lack of measured data on this environment, a
major engineering information need is to increase the data base on wave,
current and wind conditions. Hence, wave, current, and wind measurements

have been cited in Table 1-4.

Measurements provide a necessary but not sufficient basis for charac-
terizing design and operating oceanographic conditions. Generally, this
is due to the limited times and geographic coverage and instrumentation-
operation limitations that are inherent in practical or feasible measure-

ment programs. Thus, analytical models and numerical analyses become a
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means of understanding and extending measured data. Such efforts are ’ Y
referred to in Table 1-4 in the form of design and operating oceanographic
conditions. Production system cost and reliability implications are large

for such efforts.

Of particular importance in the efforts regarding oceanography of the
Southern Bering Sea is the recognition and assessment of ice cover and ice
edge dynamics. Ice cover will act to limit the fetch or areas over

which the storm winds can generate waves and currents. Ice edge dynamics
will have important implications on the changes in energy and frequency |
content of storm wave systems in the ice edge area, on the break-up
characteristics of the ice itse]f (influencing the wave-ice interaction
forces on structures), and on the movements of the ice edge during storms
(influencing the operational restrictions on some production system P
components, e.g., transport tankers). These are high priority considera-
tions that will have important cost and reliability implications for
production systems in the Southern Bering Sea, particularly those in

-

Navarin and St. George Basins.
Earthquakes

The OASES study (1980) has been the major source of information concerning
earthquakes used to characterize the seismic exposure of the Southern
Bering Sea. Due to a lack of measured data on the seismotectonic charac-
teristics of this area, this study had to rely on extrapolations of
measured data and understanding obtained from other analogous areas and
synthesized within the anaYytiéa? framework of a state-of-the-art seismic

B
o . . o - n/
exposure analysis model. The seismic exposure model utilized was composed

1-72



of three primary elements: (1) source characterizations (location, type,
capability, and event recurrence rate); (2) transmission characteristics

(the change of key strong ground motion description parameters with

~ distance and the change of energy and frequency content of the ground

motions with distance and azimuth from the sources); and (3) local site
effects (influence of local geologic and soil conditions in modifying

ground motion characteristics.

A1l of these factors influence the seismic exposures in the Southern
Bering Sea to some‘degree, and the dominant factors vary from region to
region. In the St. George and North Aleutian areas, seismic exposure is
dominated by the dipping Benioff zone along the Aleutian Arc. Source zone
locations and event characterizatiéns are generally well understood.
However, the transmission characteristics are not well understood. 1In the
OASES study, measurements from Japan formed a primary portion of the data
base utilized to describe these transmission characteristics. The data

and analysis base were both limited.

In the northern portions of the Southern Bering Sea, there are only a

few recorded significant earthquakes, indicating that the overall exposure
likely is low. However, the lack of recording stations in the area and
the general lack of shallow and deep geophysics data has not allowed the
identification of local fault structures or seismic sources. Thus, there
is a need for a seismic network and offshore geophysics/geologic studies
which would permit accurate assessment of source characteristics in the
northern portion of the Southern Bering Sea. Again, due to the poten-

tially important force producing effects on production systems proposed
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for this area, such efforts_have potentially. important cost and relia-

bility implifications for these systems.

For the foregoing reasbns, three general effqrts pertaining to earthquakes
and evaluation of seismic exposure have been{identified in Table 4. These
are (1) Tocal geologic and site effects, (2) source surveys and assess-
ments (including transmission assessments), and (3) seismic exposure

evaluations (based on the data gathered from the fbregoihg effects); '
Ice

Ice loadings pose a principal environmental hazard in the northern por-

tions of the Southern Bering Sea. Ice loadings can control or dominate

both the local and global elements of production systems and components of .
such systems. Ice coverage can be anticipated in the northern portions of ﬁ E
this area for seven to eight months of each year and infrequently in the

southern portions for four to six months. Thus, ice poses important

operating considerations and restraints.

Some good data is available in the Southern Bering Sea on ice coverage,
movements, growth, thickness, features, and strength characteristics. The
second two efforts, design and operating conditions, are intended to
utilize the information from the first two‘efforts in data analysis and
numerical hindcast/simulation studies in reliably characterizing ice
operating and force conditions important to production system design
(strength, ductility) and operations connect, construction, resupply,

etc.). : R
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Ice floes transported by storm waves and interacting with surface piercing
structural elements (wave-ice interaction) is a controlling design premise
for the local loadings of Southern Befing Sea Production Systems. The
initial design premises fdr jce slamming local pressures have been based
on judgment. The implications of this design premise is that small
diameter members cannot be used in the free-surface zone (-25 ft to +15
ft). Well conductors, pipeline risers,"mooring system elements, bracing
elements for deck sections, and other similar surface piercing elements
must either be grouped and protected within very large diameter members or
legs or terminated above and below the free surface zone. Other implica-
~tions include the necessity for moving the equipment (floating-moored

structures) out of the areas potentially influenced by ice-wave interaction.

Thus, wave-ice interaction design premises are having a major influence

upon the structural configurations and operations that can be considered.

In development of the ice loading design premises for global loading
effects, it has been assumed in two of the study areas (North Aleutian
Shelf, St. George Basin) that ice loadings will occur on all surface
piercing elements, assuming that the ice interacting with these elements
will act as ice interacting with a single member. In the third study area
(Navarin Basin), the design premise has been taken that ice crushing loads
are applied across the entire structure. Thus, the outside or projected

area of the entire structure is taken for computation of the ice loadings.

For the structure concepts studied thus far in two of the three basins,
the design basis ice loadings are governing the global loadings on the

steel plat forms. Ice loadings are resulting in total lateral forces in
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the range of 50 percent greater than those associated with the design
oceanographic conditions (80-foot design wave with 4 feet per second

design current).

Thus, ice interaction with multileg structure design premises are having a
major influence upon the structural configurations and oberations that can

be considered.

Ice force design conditions for glebal and local analyses of surface

piercing structures and structural elements involve large uncertainties.
Further, these design conditions are influenced by other design, construc-

tion, gnd operations constraints. Surface piercing member size and

spacings are influenced by the other sources of loadings, well drilling
considerations, production requirements, and construction equipment as #TE
examples. Costs are also a consideration in the determination of ice

force design conditions.

The wave-ice interaction problem involves the following primary considera-

tions:

- Definition of wind, wave, and current conditions (e.g., the proba-
bilities of experiencing combinations of wind speeds, wave heights,
and current speeds that could result in ice-edge breakéups and

transport of this ice into the structures).

- Definition of ice conditions (e.g. the probabilities of experi-
encing combinations of-ice thickness, plan area, and strength that

could result in ice impact forces on the structure). ;)

~ Definition of ice-wave interaction conditions (e.g., given the wind

speeds, wave heights, and current speed combinations, characterize
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£ 00 how the ice floe combinations interact to define ice impact veloci-

ties).

- Definition of ice-structure interaction conditions (e.g., given the
ice floe condition and ice impact velocities, and the structure
response characteristics, characterize the probabilities of experi-

encing local pressures and gross forces).

Considerations associated with ice interaction with mu]tileg'structures
have been outlined in the API Bulletin for Planning, Designing and Con-
structing Fixed Offshore Structures in Ice Environments. Analytical and
model studies are suggested to guide the formulation of design basis

conditions.

ki

Analytical studies have been reported in the literature and model study

Pk
o

results summarized. Experience with multileg platforms in ice areas has
been reported in the literature. These results indicate that ice jamming
is possib]e, depending updn the characteristics of the ice, of the strué-
ture, and of the forcevenvironments acting upon the ice. The limited
experience and data which is available does not indicate that the forces
experienced during jamming conditions exceed those experienced during
other similarly severe ice loading conditions (individual multi-leg

loadings for example).
Future work could include:

- An analytical and model study of ice-interaction with multileg

structures would be proposed. The analytical study would investi-

gate the influence of different leg sizes, spacings, orientations,
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and numbers in conjunction with different ice floe sizes, charac-
teristics, and driving forces. A three-dimensional finite element
analysis and computer model are envisioned for use in the analytical

study.

- A companion physical model study of ice-interaction with multileg
structures would be proposed. The physical model study would
investigate the same rénge of geometrical and ice conditions
outlined in the analytical model study. A qualitative under-
standing is expected from the physical model study to aid in the

development_of the quantitative results from the analytical study.

Results from the first two components of this study are expected to
significantly improve qualitative and quantitative understanding of the
expected ranges of ice-structure interaction forces and stresses for the
types of drilling and production systems being considered for the Southern
Bering Sea. However, large uncertainties are expected to exist due both
to natural variabilities (e.g., ice floe size, ice strength, etc.) and
interaction modeling uncertainties. These uncertainties must be accom-
modated with adeguate strength in the structures and with appropriate

operating procedures and equipment.
1.7.5 Design Criteria

Design criteria are intended to be an integrated system of analytical
methods, specified quantities and parameters, allowable stresses and
factors of safety, and quality éssurance procedures that when combined and B

applied to the engineering of a production system will result in a system _)
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that has desirable qualities of safety, cost, and operability. Table 1.4
identifies three component efforts relating to design criteria:

(1) environmental, (2) structural, and'(3) foundation.

The production systems study for the Southern Bering Sea has identified
some potentially unique considerations relating to design criteria.  The
principal unique considerations relating to environmental design criteria

are those associated with the following:

- Multi-hazard nature of this environment with potentially signifi-
cant loadings and effects from storms, earthquakes, ice, and

storm-ice interaction conditions.

- Intense nature of the threats from environmental loading and

effects, both from extreme and nominal conditions.

- Very large uncertainties and variabilities associated with the

environmental conditions and forces.

- Unique structural, foundation, and operational requirements and

elements involved in the alternative production system concepts.

- Very large investments, high operating costs, and significant

resources associated with production systems in this environment.

These unique considerations implicate a careful and deliberate effort to
integrate existing technology, experience from similar operating environ-
ments, data gathering and analysis results from programs such as discussed
here, to result in cost effective and reliable production systems that will

permit efficient development of the resources of the Southern Bering Sea.
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LOWER COOK INLET INSET

ALASKA

Guror | | A
ALASKA BERING SEA
o
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¢ ISLAND
AP lm
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WAVE PARAMETERS
For Ten Areas in United States Waters
Wave Height - . —
Reference Wave Reference Level
Level Guideline Steepness Deck Clearance*
— It m It m It ”
Offshore Gulf of Mexico 70 21.3 (see Fig. 2.8-2) 1/12 48 14.6
Offshore Alaska
1. Lower Cook Inlet 60 18.3 50-70 15-21 1/13 56 17.1
2. Iey-Bay Gulf of Alaska 100 30.5 90-120 27.37 1/15 80 24.4
3. Kodiak Shelf-Gulf of Alaska 90 27.4 80-110 24-34 ~1/15 72 219
4. Bering Sea/Bristol Bay 85 25.9 75-95  23-29 .~ 1/13 63 192
Offshore California ' : )
1. Santa Barbara Channel 45 13.7 40-50 12-15 1/16 38 11.6
2. Outer Banks 60 18.3 55-70 17-21 1/15 44 13.4
Offshore Atlantic Coast
1. Georges Bank 85 25.9 ' 75-95 23-29 1/12 59 18.0
2. Baltimore Canyon 90 27.4 80-100 24-30 1/12 62 18.9
3. Georgia Embayment 75 22.9 65-85 20-26 1/12 53 16.2

*Above MLW in Atlantic; above MLLW in Pacific,

A APl DESIGN WAVE HEIGHTS

Flaur= 1 -2
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Z=90
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Where Z = Zone or relative seismicity factor

given in Fig. 2.3.6-1.

G = Ratio of effective horizontal
ground acceleration to gravita-
tional acceleration.

T

Ll 1 i 1 I b1 314 £ L boord

IR IR R T T T 1 1 P11 T L T T

B PERCENT OF
CRITICAL CAMPING ]

Al
soiL
}

-

Sa/G = 2.5

Sy * 5= 57 SPECTRAL VELOCITY

op = :'Iﬂ}i 9, = SPECTRAL DISPLACE

.04

S0
A.

c.

o. 62 0.5 1.0 2.0 5.0
PERIOD - T - SECONDS,
1L TYPE '

ROCK - CRYSTALLINE, CONGLOMERATE, OR SHALE-LIKE
MATERIAL GENERALLY HAVING SHEAR WAVE VELOCITIES IN
EXCESS OF 3000 FT/SEC (914 M/SEC).

SHALLOW STRONG ALLUVIUM - COMPETENT SANDS, SILTS

AND STIFF CLAYS WITH SHEAR STRENGTHS IN EXCESS OF

ABOUT 1500 PSF (72 kPa), LIMITED TO DEPTHS OF LESS THAN
AngT 200 FEET (61 M), AND OVERLYING ROCK-LIKE MATERI-
ALS. -

DEEP STRONG ALLUVIUM - COMPETENT SANDS, SILTS AND
STIFF CLAYS WITH THICKNESSES IN EXCESS OF ABOUT 200
FEET (61 M) AND OVERLYING ROCK-LIKE MATERIALS,

AP| DESIGN EARTHQUAKES

—l -y D
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CASE
NO.

L 0O N OO S W N

NN N P ks b R e b b kS b s
W N O W N DTS W N O

24

ICE
THICK-

m

1 2
1CE ICE
LENGTH WIDTH NESS
m m
20 20
20 20
20 20
20 20
20 20
20 20
20 20
20 20
20 20
20 20
20 20
10 10
10 0
30 30
30 30
30 30
30 30
30 30
30 30
20 20
20 20
20 20
20 20
20 20
20 20
20 20
20 20

3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
3
3
3
3
3
3
3
3

SHAPE

CATEGORY DEPTH VELOC.

5
5
5
5
5
5
3
5
5
5
5
5
5
2
2
2
2
2
2
5
5
5
5
5
5
5
5

5 6
WATER WIND
m kn
150 100
150 100
150 100
150 0
150 100
150 50
150 100
150 100
150 100
150 100
150 100
150 100
150 100
150 100
150 100
150 100
150 0
150 100
150 50
150 50
150 10
150 100
150 50
150 10
150 112.8
150 104.2
150 121.5

7

SURFACE
CURRENT
LAYER
DEPTH
m

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

TABLE 1-5
WAVE-ICE INTERACTION ANALYSIS PARAMETERS

LATITUDE
°N

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

COUPLING
COEFF.

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.5
0.8
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

10

AMBIENT
CURRENT
m/s

0.5
0.0
0.5
0.5
0.0
0.0
0.5
0.5
0.5
0.25
0.4
0.5
0.5
0.5
0.0
0.5
0.5
0.5
0.5
0.0
0.0
0.5
0.5
0.5
0.2
0.0
0.5

11

WIND
CURRENT
m/'s

1.0
0.0
1.0
1.0
1.7
0.54
1.0
1.0
1.5
0.5
0.8
1.0
1.0
1.0
0.0
1.0
1.0
1.7
0.54
0.0
0.0
2.0
2.0
2.0
1.0
0.0
1.0

12

WIND
CURRENT
DEPTH
m

10
10
10
10
72
26
10
.
10
10
10
10
10
10
10
10
10
72
a6
10
10
10
10
10
10
10
10

13

CURRENT
CODE

NMN‘NNNNN)—‘P—‘NNNNNNNNNNN'—'HNNNN

14

WAVE
CODE

NN

NN = ok NN NN NN RN RN N RN e NN

NN NN

NN

15

WAVE

HEIGHT

m

LT S L IS

35.4
14.4

[
(=S )

—
RS LS LIRS B+ 2 IS IS I ]

(22l

35.4
14.4

16

PERIOD
sec.

10
10
0
16
20.9
13.5

15
10
10
10
10
12
10
10

10
20.9
13.5
10
10
10
10
10
14
13
15

e



TABLE 1-6
DEFINITIONS OF COLUMNS FOR TABLE 1-5

The columns of input data (Table 1-5) are as follows:

10. -

11.

12.
13.

Iceberg length, m.
Iceberg width, m.

Iceberg thickness, m. See item 4 below for comment on appropriate
thickness for certain shaped icebergs.

Shape category. Specify as follows:

Tabular-smooth
Tabular-rough
Blocky
Pinnacle/drydock
Floe (sea ice)

N W

For aid in determining the thickness to be used for 3. above, the
height of the iceberg can be multipliied by the appropriate ratio to
give thickness. For a tabular smooth, the ratio is 7.0/1., tabular
rough is 6.0/1., blocky is 5.26/1., pinnacle/drydock is 3.35/1.,
and floe ice is 7.0/1.

Water depth, m.

Wind velocity, knots.

Initial wind driven current layer depth, m., used to develop final
mixed layer depth within the program.

Latitude.

Desired coupling coefficient between any moving water current and
the iceberg. 1.00 means 100% coupling.

Ambieﬁt tidal or sea current as desired, m/s.

Operator specified wind driven current velocity within the speci-
fied mixed layer of 7. above, m/s.

Operator specified mixed layer depth for wind driven current, m.
Operator's instructions on data use choice:

1 - means use given wind to develop wind driven current and
mixed layer depth.

2 - means use dperator specified wind driven current and
mixed layer depth.



14,

15,
16.

TABLE 1-6, CONT.

Operator's instructions on data use choice:
1 - means use given wind to develop all wave data.

2 - means use operator specified wave height and period
data. -

Operator specified wave height, m.
Operator specified wave period, seconds.

Note: If operator specified wave height and period are used, the
program assumes the height to be the average of the highest
10% of the waves and therefore can also compute a signifi-
cant wave height value for use in the wave reflection force
calculation.



A
B

CASE

o N W N

~

10

11

12

13

14
15

16

TABLE 1-7

INITIAL SENSITIVITY STUDY
RESULTS -

INPUT CHANGE

Base case

Omit currents

Omit waves

Omit wind

Compute currents and waves

Compute currents and waves for a wind of
50 knots

Change shape from floe (5) to blocky (3)

Wave height 10 m
Wave period 15 s

Wind current 1.5 m/s

Coupling coeff. 0.5
Ambient current 0.25 m/s
Wind current 0.5 m/s

Coupling coeff. 0.8
Ambient current 0.4 m/s
Wind current 0.8 n/s

Ice length and width 10 m

Ice length and width 10 m
Wave height and period 15 m, 12 sec

Ice length and width 30 m

Ice length and width 30 m
Omit current

Ice length and width 30 m
Omit wave

RESULT (fps)

13.8
8.9
7.9
9.4

28.1

15.1

14.3
15.8

15.5
10.6
12.6
13.6
21.1

16.2
11.2

10.6



T
Booid

CASE
17
18

19

20
21

22
23

24

25

26 .

27

Omit

TABLE 1-7, CONT.

INPUT CHANGE

Ice length and width 30 m

wind

Ice length and width 30 m
Compute current and wave

Ice length and width 30 m
Compute current and wave

Wind

Wind
Omit

Wind
Omit

Wind

Wind
Wind

Wind
Wind

Wind

speed 50 knots

of 50 knots
currents

of 10 knots
currents

current 2.0 m/sec

of 50 knots
current 2.0 m/sec

of 10 knots
current 2.0 m/sec

of 112.8 knots

Ambient current 0.2 m/sec

Wind
Wave
Wave

Wind
Wave
Wave
Omit

Wind
Wave
Wave

current 1.0 m/sec
height 24,4 n
period 14 sec

of 104.2 knots
height 21.4 nm
period 13 sec
currents

of 121.5 knots
height 25.9
period 15 sec

RESULT (fps)

9.0
32.2

17.7

7.4
4.8

17.1
15.6

13.0

25,7

20.5

26.9
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2.0

2.1

TOPSIDE DRILLING AND PRODUCTION FACILITIES

Scope of Work

The scope of work for conceptual design of the topside facilities
on the offshore platform alternatives consisted of the following

elements:

o For two cases of crude o0il production rates, the topside
facilities were to be sized and adapted to the severe
environmental conditions existing in the Bering Sea.

o Two alternative support structures were to be considered -

- a single legged, central caisson or monotower

- a 4-legged structure

The monotower was to be a concrete structure with crude oil

storage in the base of the structure. This would require a
utility shaft sharing the available space inside the single leg
with the well conductors and other risers. It should be noted
that the monotower was found not to be a favored structural
alternative and that work on monotower topside facilities was not

carried through in as much detail as the 4-legged deck.

The 4-~legged structure would be either a steel jacket or a
concrete structure. In the former case, no base storage would be
provided. 1In both cases, drilling would be dome through two of
the four legs leaving the other two legs available for utility

water and firewater intakes.
o Crude o0il will be delivered to a shore terminal by submarine

pipeline or stored offshore for direct tanker loading from an

offshore terminal. The separate requirements for the topside

2-1



facilities in these transportation alternatives were o
considered. The principal differences in topside requirements /

are:

== Crude o0il must be stabilized to one atmosphere for local
storage at the platform, and treatment facilities must be

provided for the subsea tankage ballast water.

" == Mainline pumps are required for pipelining crude to shore.

o The properties of the crude oil in each of the three lease
areas to be examined, North Aleutian, St. George and Navarin,
are not known. Assumptions were made as necessary to
facilitate the conceptual design. The assumptions and

criteria adopted are given in the next section.

o Layouts of the topside components were to be made which would

aid in the description of the conceptualized systems and in

the development of the order of magnitude cost estimation.

o Total topside operating weights were to be estimated for each

‘case of production to assist in platform structure design.

0 Order of magnitude capital costs were to be developed for two

cases of crude oil production rate.

2.2 Design Criteria and Assumptions

0o The two cases of crude o0il production rates to be considered
were 100 thousand barrels per day (MBPD)and 300 MBPD.

o The gas—-o0il ratio (GOR) was taken to be 1000 standard cubic

feet per barrel. .
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Gas would be re~injected into the reservoir.

Treated water would be injected into the reservoir in the
proportion of one barrel of water for one barrel of oil

produced.

In the offshore storage and tanker loading option, the oil
would be stabilized for tanker transport. The volatiles would

be used as fuel on the platform or injected into the reservoir.

In the offshore storage option, produced water and oily water
treatment would be required only for the storage tank ballast
water. No provision would be made for tanker ballast water on
the assumption that the tankers would be dedicated and will

not require ballast water discharge at the loading terminal.

In the onshore crude o0il storage option with pipeline‘
transportation from the platform to shore, no ballast water
treatment at the platform would be required. Space and weight
allowance allotted for ballast water treatment in the offshore

loading option would be used for mainline crude oil pumps.

A total of 30 well slots was assumed for the 100 MBPD
production case and a total of 48 well slots for the 300 MBPD

production case.

All well casings, conductors and risers would be contained
within the structure legs to shield these members against ice

loading.

No floating accommodation facilities (floatels) were planned
for hookup and drilling operations, since these activities
would continue during conditions of winter sea ice. All

personnel would be quartered on the platform. The maximum
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number of beds would be 360 for the 100 MBPD production case e
and 432 for the 300 MBPD case. Still, larger staffing could o
be providéd to implement hookup work by adding additional

quarters modules. Each module accommodates 72 persons.

Normal staff duringAproduction operations were assumed to be

200 persons and 350 persons for the respective cases of

throughput. All beds would be utilized for hookup and hookup
support staff until hookup is virtually complete. Drilling
operations with two rigs were estimated to require a minimum

of 70 persons.

All living and working spaces would be enclosed to minimize

ice accumulation and to provide protection from the weather.

Since platform re~supply could be delayed significantly during
the winter season, an additional weight allowance was made for
bulk and liquid storage on the platform. This allowance was

assigned a minimum of 1000 short tons for dry bulk and the

same weight allowance for liquid storage for both production

cases.

Topside components would be modularized whether assembled
offshore at the site of production or nearshore with a
subsequent tow-out of the completed platform. The maximum

module 1ift weight was assumed to be 1600 tons.

For topsides on a steel structure, all hookup would be done

cffshore.

For topsides on a concrete gravity base, 90% of the topsides
hookup would be done nearshore at a shipyard. The remaining

102 of the hookup work would be done offshore.



2.3

o For topsides on a concrete gtavity base with subsea storage
and a utility shaft, a manhour allowance is given for
interfacing the topside and utility shaft components at a

nearshore, remote location.

o A manhour allowance for work offshore is made in the case of

gravity structures for preparing the platform for startup.

o For reasons of personnel safety, living quarters were placed
on the opposite side of the platform from the hydrocarbon

production and treatment facilities.
o Crude oil properties assumed:
- API Gravity: 25° to 35°
- pour point temperature less than 35°F
- water cut: 10%

- total sulfur: negligible

Well Arrangements

The topside facility layouts are essentially dependent on the
choice of the platform structure; and, in particular, on the

choice of a monotower or of a structure with two or more legs.

For reasons of equilibrium in the deck structure, a monotower
platform is supported at the center of the deck. To keep all well
slots within this single leg, drilling must be done from the
center of the platform, and production risers must share the
available'space with the utility shaft and all other risers. This
situation results in crowded conditions for all components in the
single leg; but, most importantly, only ome drilling derrick can
be installed. Interference between rigs would make it very

difficult to operate more than one.
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2:.3.1

At the beginning of this study, the monotower structure was

accepted as a viable alternative in the expectation that ice ‘//\$>
bridging and the resulting loads on multi-legged structures might

be excessive. Analysis of the matter later showed this not to be

the case as discussed elsewhere in this report. The monotower
arrangement was eliminated from further conmsideration. However,
analysis of well slot arrangements and topside layouts had been
completed by that stage of the work. These results are included

here for information in comparison with arrangements developed for
multi-legged structures, but costs are developed only for the

multi-leg.
Monotower Well Arrangements

The well layouts for the 100 MBPD and the 300 MBPD production
cases are shown in Figures 2 - 1 and 2 - 2 . The inside
diameter of the monotower is taken as 74 feet for both production

cases. ' /”“wb

Only the alternative of crude oil storage in the base of the
structure was considered for the concrete monotower, and nearly
half of the available area in the lég is taken up by the utility
shaft. This is shown as a cross section developed as two

overlapping circles.

The fewer number of well slots in the case of 100 MBPD production
allows a square matrix array of slots measuring 7-1/2 feet center

to center. This gives adequate access to the wellheads, but

crowding is further lessened by locating alternate rows of

wellheads at a different level. The wellheads marked in black in
Figure 2 - 1 are at one level separated by a vertical distance

of about 25 feet from the wellheads shown as open circles.
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2.3.2

Placement of 48 wellheads within'the same available space leads to
a much denser spacing. As shown in Figure 2 ~ 2, the wellheads
are spaced along the perimetgr of three circles. Again, two
levels are used for the wellheads as marked by black and open

circles.

Conductor casing diameters are taken arbitrarily to be 24 inches
in all cases and the center—to-center spacing of the casings is
more than 60 inches in the circular arrays. Seemingly tight, this
still exceeds wellhead spacings as small as 27 inches that have
been used in the Gulf of Mexico for mudslide area platforms with

up to 15 wells per leg.
Multi~Leg Well Arrangements

Four—legged structures, whether of steel or concrete, are utilized
in the multi-leg category. Two vertical legs at one end of the
platform would be used for well slots. Since quarters and
utilities are placed at the other end of the platform structure,
the remaining pair of legs would not be used for risers in

hydrocarbon service.

The well legs need to be a minimum inside diameter of 15 feet for

the 30-well case and 22 feet for the 48-well case to give well

spacings of 29 inches. Two derricks can be accommodated - one for

each leg. Structural considerations may result in greater leg

size; however, layouts are shown on this minimum spacing basis.

Once all wells have been completed, omne derrick can be removed
from the platform leaving one for well workover in either leg.
The well slots are divided equally between the production legs -
15 in each for the 100 MBPD case and 24 in each for the 300 MBPD
case. The well-head arrays are contained within a 15 foot I.D.

circle in both cases. Although the larger case of throughput has

2-7



2.4

an inside diameter of 22 feet for each well leg, the additional

3-1/2 feet of available radius has little effect on the well-head
spacing.

Circular wellhead arrays and two wellhead levels are used in both
cases of throughput where again, black and open circleshrepresent
wellheads at two diffe:ent levels (Figures 2=3 and 2-h ),
Customarily the inner circle of wellheads is located at the top

level.

It is evident from the spacing and dimensions shown in

Figures 2-3 . and 2-h that up to 24 single-completion well
slots in a 15 foot I.D. leg can be accommodated without
restricting access to the wellheads. A requirement for more than
48 well sldts distributed between two production legs could result
in the consideration of alternative layouts. However, 48 well
slots appear to be a practical maximum for a single production
platform. The use of two legs for drilling instead of one as in
the case of the monotower would seem to allow space for additional
well conductors. The spacing of conductors within the structure
legs can be controlled by conductor guides. Control of the wells'
spread below seabed level is the critical factor. The
center-to-center spacing of the two drilling legs of the
multi-legged structure is insignificant compared to the spread of

the well holes at the reservoir level.

Monotower Deck Arrangement

The monotower deck is almost square at 160 feet wide by 190 feet
long for both cases of production rate and it is centered over the

single concrete support leg (Figures 2=5 and 2-6 ).
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2.5

The distribution of well slots and the location of the utility
shafts as shown in Figures 2-1 and 2-2 are designed to
maximize the separation between quarters and hydrocarbon '
production areas within the éonstraints imposed by a single,

centrally-located‘platform leg.

Modules are set on two levels with separation, gas compression and
water injection modules on the firét level at the production end
of the platform next to the flare boom. On the same level, the
ballast water treatment module is located next to the quarters
with the power generation and control modules on the helideck side
of the platform (not shown in the layouts). Ballast water
treatment is provided, since the concrete monotower is presumed to

have crude storage in the base of the structure as mentioned

earlier. O0il drawn down by offshore tanker loading is replaced in -

the tanks by seawater, which must be treated before it is
discharged overboard or injected into the reservoir as
newly-produced crude is delivered to the tanks. If oil storage is
provided at a separate tanker loading structure, the ballast water
treatment facilities will be located there and not on the
production platform. This causes differences in disposal

procedures as will be discussed in Section 2.6.3.

Mud, cement and storage modules occupy the second level with the

single derrick, wellhead module and pipe rack module on top.

Multi~Leg Deck Arrangement

Layouts for the 4-legged structures are shown in Figures 2-T

and 2-8 + The support structure may be either steel or
concrete. If steel, no storage for crude is provided in the base
of the structure. Oil will be pumped to a nearby storage and
tanker loading structure or through a submarine pipeline to a

shore facility. For this reason, a mainline pump module is shown
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2.6

2.6.1

in the layouts with the understanding that it will be replaced by
a ballast water treatment module iﬁ the case of a concrete
platform with subsea storage. In such a case, further
modification in these 4-legged structure layouts would be needed.
Access would be required to one of the two support legs beneath
the quarters-module assemblage for use as a dry utility shaft.
Such modifications would not affect the general distribution of
modules shown in the layoﬁts. However, to avoid confusion with
the requirements for a concrete support structure having seabed
storage tanks, these layouts are restricted to a steel jacket

support structure with no crude oil storage capacity.

With 4 legs for support, the deck area can be made lérger than in
the monotower case with greater elongation in the rectangular
shape. For both the 100 MBPD and 300 MBPD cases, the deck area
measures 160 feet by 220 feet. The additional space and
additional operating topside weight is needed to support the

operation of two drilling rigs.

The disposition of modules is much the same as in the monotower
cases with drilling, production facilities and flare at the
opposite end from quarters and utilities. Storage modules are in
the center of the upper deck, and the pipe racks lie adjacent to

the derricks on the top deck.

Description of Modules

Separation Module

Gas/oil separation requirements are different depending on whether
the oil is to be pipelined to shore or stored offshore for direct
loading to a tanker. The flow diagrams for the two cases at 300
MBPD production rate -with two trains are shown in Figures 2-9

and 2-10 . Only one train of separation would be required at
100 MBPD.

2-10
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2.6.2

For offshore crude storage, the oil must be stabilized for tanker
transport, and two stages of gas oil separation are prescribed
(Figure 2-9 ).

For transport to shore, complete stabilization is not required.
There is advantage to transporting gas and gas liquids to shore
where the gas could be needed for fuel and the liquids would be
chilled for storage and further transportation in LPG tankers.
This option shown in Figure 2-9 , has only one stage of
separation with the volatile components used for power-generation,

fuel and water de-oxygenation. The excess is injected.

The layout of the separation module is shown only for the
situation requiring full stabilization of the crude oil

(Figure 2-11 ). One separation train is required for the 100
MBPD case and a second train contained in a mezzanine is needed
for for the 300 MBPD case. Water recovered from the crude is

routed directly to the water treatment pumps without further

treatment.

Gas Injection Module

Gas is injected into the reservoir using centrifugal gas
compressors driven by gas turbines. Three stages of compression
are provided. The gas is assumed to be sweet and to require no
processing except dehydration. Interstage coolers with knockout
drums are used to cool the gas. The heat generated from

compression is utilized to heat the injection water.

High pressure gas is monitored and distributed through the
manifold to the separate injection wells. The location of the gas
injection module is next to the separation module and the flare.
The last must be capable of flaring all injection gas in case of

emergency.
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2.6.3

The layout of the gas compression module for the'IOO MBPD case TS
developed for the steel jacket structure is shown in: £4
Figure 2.12 and for the 300 MBPD case in Figure 2-13 . There

is one train of compression for 100 MBPD and three trains for 300

MBPD. The corresponding module for the 300 MBPD cases for the

concrete monotower is shown in Figure a
Water Injection and Ballast Water Treatment Module

As shown in Figure 2-15 for the concrete structure with base
storage for crude, the water injection pumps are combined in one ‘
module with the ballast water treatment equipment. Water is to be
injected into the formation in the proportion of one barrel of
water for each barrel of crude oil produced. A savings can be
realized on ballast water treatment requirements by injecting
ballast water drawn off the storage tanks. When a tanker loads
crude oil at an offshore berth in the vicinity of the platform,
seawater is injected into the storage tanks as the oil is pumped /’N\i>
out in order to maintain a small pressure difference across the ’
tank walls. The continuing production of crude displaces the
seawater ballast in the storage tanks into the ballast water
treatment center, and all of this water is treated for injection
into the reservoir. The incoming water is first heated at the
interstage gas compression coolers, then passed through a
corrugated plate interceptor, an induced air flotation unit,
deareated, filtered and chemically treated, This module for the
100 MBPD case consists of three vertical water pumps and one
de-aeration vessel measuring about 12 feet in diameter by 32 feet
high. Low pressure gas is used to de-aerate the water in the
proportion of about 0.5 MMSCFD of gas to 100 MBPD of water.

Additives and treatment tanks consist of anti-foam, biocide,

coagulant and oxygen ‘'scavenger tanks.

l/"\
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2.6.4

2.6.5

Three main water injection pumps are indicated, and provisional

space for a future one is allocated.

Monitoring and control of water quality and quantity injected are
combined at the control panel. When crude is stored at a separate
tanker loading structure, different options arise for handling of
storage tank ballast water. Untreated oily water may be
transported to the production platform by submarine pipeline for
treatment and reservoir injection. Or, the o0il can be separated
at the loading structure with the emulsion delivered to the
loading tanker and the clean water discharged into the sea. This
option would require water to be drawn from the sea at the

production platform for treatment and injection.
Wells Manifold and Wellhead Modules

The entire well piping manifold is conceived to be modularized in

one or, at most, three units per drilling leg. An example of such
a module is shown broadly generalized in Figure 2-16 . The gas

injectién, oil production and water injection manifold sections

may be separately placed on the platform.

One wellhead module is required for each drilling shaft - for a
total of two in the case of the 4-legged structure. These modules
are complete with wellhead templates (two levels), ladders, casing

hangers and blind-flanged,inter—-connecting piping to the manifold.
Power Generation Modules

Primary power will be generated by gas turbine units rated at
about 25 MW for the 100 MBPD production case on the monotower
structure. Two are shown in the power generation module

(Figure 2-1T ). Normal electrical loads will require only one

unit to be operating with the other on standby.
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2.6.6

For the 4-legged steel structures, where two drilling rigs will be
operating together, the system of two generators will be retained, //'““>
but each unit will have a capacity of 35 MW (Figure 2-18 ) for

the 100 MBPD case and 50 MW for the 300 MBPD case.

A waste heat recovery system will be used to recover heat from
stack flue gases which may be then utilized for module space
heating and process. The waste heat recovery system could be
either an open-loop system if water is used, or a closed-loop
system if glycol is used as the heat carrier. For the Bering Sea,

a glycol system is preferred.

Emergency power during the production phase of the development
will be provided by four diesel generator sets each rated at about
3 MW (Figures 2-19 and 2-.20 ). These generators are the
primary sources of power during the hookup and initial drilling
phases of the platform operations.

)

Control Room Module

The control room module for the 100 MBPD production on the
concrete monotower is shown in Figure 2-21 . This module also
contains the telecommunications and the data processing area as a

mezzanine above the telecommunications area.

Should the ALASCOM satellite system be used for pipeline control
and platform to shore communications, the earth station
electronics would also be located in the telecommunication room.
The control room module for a steel structure is shown in

Figure 2-22.

TN
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2.6.7

2.6.8

Mainline Pumps

Mainline crude oil pumps are .needed only in the option of a
pipeline to shore. In the option of offshore tanker loading there

are two alternatives:

o concrete production structure with integral subsea storage
or, .
o steel or concrete production structure with separate subsea

storage in the tanker loading structure.

In the first alternative, o0il transfer pumps will be located in
the utility shaft. In the second, low-pressure, centrifugal pumps
will be located on the production plaiform deck to transfer oil to
the storage structure via short, seabed flowlines. Tanker loading
pumps in this case will be located on the storage/loading

structure.

The sizes and horsepower requirements of the mainline pumps vary
according to the viscosity of the oil and the length and
throughput of the pipeline to shore. The hydraulic gradient
diagrams, Figures 2-23 through 2-26 give the pump discharge
heads for the several examples treated. From these, the pump

horsepower required can be determined directly.
Quarters and Utilities Modules

Accommodation and quarters module layouts are shown in

Figure 2-27 and 2-28 . These modules are chosen to be
identical among the various cases studied, whether the structure
is a monotower or a multi-legged structure and whether the
throughput is 100 MBPD or 300 MBPD. The case of larger throughput
merely requires one additional quarters module to produce a
structure of nine levels while the 100 MBPD case constitutes a

structure of eight levels.
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Additional quarters modules may be required depending on the
details of the hookup plan as discussed in Section 2,10.2.1. //“\i>
The first three levels are common to both throughputs. Five

quarters modules are added for the 100 MBPD case and six quarters
modules for the 300 MBPD case. Each quarters module accommodates

72 persons for a maximum of 360 persons in the former case and 432

in the latter. The need for so many beds is discussed in Section
2.10.2.1.

Full use of the available space is expected to occur only during
the offshore hookup phase of the development and possibly into the
early stages of drilling. Later, room occupancy can be reduced to
two persons with the provision of separating each room into

private quarters using curtain walls.

Some utilities are contained in the first level of the quarters
structure (Figure 2-27 ). These are primarily intended to ,/'\WD
service the living quarters or to act as emergency units. The '
main platform utility module for a steel structure is laid out in

Figure 2-22 . This contains =~

The main boiler room
Firewater pumps

Foam tank

Sewage water treatment
Platform HVAC

Air compressors and utility air service

o 0 0O 0O 0 o o

Waste compactor and disposal system.
Water desalinization units for the steel jacket alternative

are located in a mezzanine of the power generation module

(Figure 2-18 ).
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Drilling Module(s)

There are 3 modules accompanying each drilling rig, the mud,
storage and cement modules (figures 2-29 and 2-30 ). One
pipe rack module is shared by the two rigs and the space beneath

is used as a drilling office and doghouse.

Each of the mud modules has at least two mud pumps. The capacity
and rating of the mud pumps are selected by the drilling

contractor.

Included with the mud tanks, whether active or reserve, are mud
hoppers, agitators, cleaners, desander/desilters, degasser valves

and centrifugal pumps. A shale shaker is assigned to each rig.

Mud additives are contained in the neighboring storage module for

blending in the active mud tank.
One mud laboratory serves both rigs.

A work shop and a well logging unit are also contained in the

storage module.

The cement module consists of pressurized cement pods of capacity
ranging from 400-2800 cubic feet, a compressed air unit, cement
mixer and a Halliburton unit comprising a steady flow separator

and a recirculating mixer.
The derricks and draw works are fully-enclosed, skid-mounted

units, one of which may be removed upon completion of drilling

leaving the other for workover functionms.
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2.7

Other Topside Components

/”“¥>

Other main components are the flare structure, the helideck pipe
racks and three cranes, all shown in the main platform layouts of

Figures 2-5 through 2-8 .

Pavlioad and Area Summaries

Module layouts have been discussed in the preceding section. The
major components of these modules and similar modularized topside
components installed in the North Sea provide a basis for
estimating the total topside weights. These are listed in

Figure 2-31 for both 4-legged steel and concrete monotower
support structures in each case of production throughput. Both
the dry (1lift) weight and the operating weight are identified for

each module or topside component.

The maximum lift assumed for the derrick barge is 1600 tons. f/~\“\

. J
Modules or components which exceed this weight limit in the list

are presumed to be made up of two or more separate lifts.

The last line of Figure 2-31 lists a derived quantity, the
topside weight index, for each structure type and each rate of
production. This quantity is the total topside weight including
deck structure in metric tons divided by the intended crude oil
throughput in units of thousands of barrels per day. This topside
weight index plotted against throughput is shown in

Figures 2-32 and 2-33 for the Bering Sea topside concepts as
well as for a selection of topsides on North Sea platforms. A
mean line is drawn through these points for both the dry and
operating weights. Few data points are available for dry topside
weight indices in the case of the steel support jacket; but, for
the concrete structures, the dry topside weight index appears to
be well defined. ’ TN
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As would be expected, thé topside weight index decreases with

increasing throughput. Also, the concrete structures show a

1]
‘\

higher weight index compared.to the steel jackets, especially in
the range of lower throughpués. It is of interest to note that
the Statfjord developments A and B have not only operating weight
indices well above the mean line, but even the dry weight index
lies above the mean operating weight index of other North Sea

concrete structures.

The four cases treated in this study for Bering Sea topside
arrangements fall sensibly on the mean line for dry weights, but
tend to lie above the mean for operating weights. This is
consistent with the objective of providing more personnel
accommodations, solid and liquid bulk storage, and weather

protection than is required in the North Sea.

Floor space in each of the four topside alternatives is summarized

in the table below. Mezzanine floor areas are shown separately.

FLOOR AREA (thx 103)

Multileg Steel Monotower
Structure Structure

100MBPD  300MBPD 100MBPD  300MBPD

Main Floor Area 127 137 142 146
Mezzanine Floor Area 6 10 10 11
Total Floor Area 133 147 152 157
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2.8

Safety and Evacuation P N

In the North-Sea platform operations, free-fall or davit-lowered
lifeboats are located along the edge of the platform's lower deck
in sufficient quantity to evacuate all personnel on the platform,
should the need arise. A safety ship should remain on statiom
near the platform at all times to carry out pick-up and rescue ;
operations if platform abandonment becomes necessary. Helicopters
can be used to assist in the evacuation of platform personnel, but
no dependence can be put on this means of transportation. Weathgr
or emergency conditions on the platform can deny helicopter
access. Moreover, the limited carrying capacity and lack of
immediate availability of helicopters in times of emergency

further downgrade their utility in platform rescue operations.

The safety of platform occupants is improved by having more than

one platform structure interconnected by walkways to the

production platform. This does not eliminate the need for ‘/ﬁ\i>
personnel abandonment procedures, but it alleviates the demand for

a timely response of a rescue action to an emergency situation.

North Sea procedures in safety and rescue operations mechanisms
cannot be wholly adapted to the Bering Sea. The two are similar
in the general inclemency of the weather, but the Bering Sea is
different in one important regard ~ the presence of sea ice during
the winter. As described elsewhere in this report, ice can
intrude into all three lease basins. The ice can be particularly
hazardous to the platform structure and to a forced evacuation of
the platform when the edge of the ice pack is in the vicinity of
the platform. Southerly winds and the waves they produce can put
ice segments into motion with considerable force. Even under
conditions of complete ice cover, the platform acts like an ice
breaker, each leg legving a trail of open water as the ice moves
through. ’ VRN

D
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Neither situation makes for an easy solution to the problem of
emergency evacuation of the platform, but several considerations

can be put forward.

A safety ship should be in attendance at all times, whether the
platform is a part of a complex of structures or an isolated unit
in the first phase of field development. During the open water
season, this ship could be of the North Sea trawler hull design
typified by the high bow for sea~keeping in short period, high
amplitude waves. During the winter season, the safety ship should
have an ice~breaking hull. The hull class would, of course, be

determined by the ice conditions expected at the platform location.

The demands on the safety ship can be reduced by taking advantage
of the ice "lee" created by the platform itself. That is, the
ship can maneuver in the broken ice field behind the platform.
This also reduces the chance of the ship being caught in the ice
pack upstream of the platform and of then being carried into thé
platform itself. 1In this lee position, consideration. should also
be given to a constant tension winch attachment between the ship
and the platform. The cable or chain connection would be left
slack to hang below the ice cover and not freeze into the surface
ice. The cable weight per unit length in water, the angle of the
cable at the safety ship, the length of cable out and the cable
tension pr&vide all the information necessary for position
control. An automatic response system could be developed on this

concept for first order control on the main engines and steerage.
All actions of this system would be under the surveillance of the

watch to manually over-ride the automatic station keeping system

as required.
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The ice breaker should be equipped with a helideck. One —
helicopter can be positioned on the deck while another is stowed. ‘>
Under reasonable weather conditions, the helicopter can make

short~hop transfers of personnel from the platform or the ice to

the safety ship.

Successful abandonment of the platform requires that the men can
get off under aﬁy weather conditions. Free fall systems are not
always acceptable because of the possible presence of sea ice.
However, passive, mechanical brake systems are available to limit
the speed of descent of the rescue pod to sea level. This could
be incorporated into the platform lifeboat systems with a
provision for bypassing the brake in favor of free-fall during

open-water conditions.

The final rescue action is the transfer of platform persomnel to
the safety ships from the platform lifeboats. The two

operationally difficult situations are: /”“@>
o Open water during storm conditions.

o Ice-covered water when either the solid ice cover is in
transit with the platform legs breaking ice or partial ice

cover prevails with open water separating the ice floes.

The first situation occurs in the North Sea. Current practices
there for rescue at sea involve the use of Rigid Inflatable Boats
(RIBs) stowed on the safety ship. These are composed of a solid,
V-shaped hull fixed to an inflatable tube above the water line

that serves as a combination gunwale and fender.* This rubber

* de Montaigu, E.H.; "RIBs Offer Stable Support." Offshore,
March 1982, pp. 93-96. |

2-22



collar not only gives good stability to the RIB in rough seas, but

.prevents damage or injury when the boat comes alongside a platform

lifeboat or the safety vessel during personnel transfer.

During the open water season in the Bering Sea, several RIBs could
be stowed aboard the safety vessel to be deployed as needed.

The situation of partial ice cover has not been experienced during
evacuation of personnel from an offshore platform or, at least,
has not been reported. Platform lifeboats of the type used in the
North Sea would be unable to navigate through a broken ice field
to the safety ship; and in a moving icefield, even though of
complete cover, the lifeboats would be carried off in the

direction of ice motion.

Instead of many small lifeboats, several large boats, with
ice-strengthened hulls could be supported at the platform deck
level. Even if unable to make way against the ice to the safety
vessel, the boats would have sufficient life support capability
and hull strength to maintain the occupants until a rescue could
be effected.

For the most part, the platform rescue procedures in ice discussed
above are speculative. Braking the lifeboat drops can clearly be
done safely and reliably without further investigation into the
mechanics of the operation. However, the slack wire control
system suggésted fof the ice-breakingfsaféty.ship should be
studied with a control system simulation and model tests under the
kinds of environmental conditions expected at the platform

location.
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2.9

Consideration should also be given to the optimum size and numbers —~
of ice-strengthened lifeboats under different abandonment : ~>
scenarios giving regard to the large numbers of people proposed to

be quartered on the Bering Sea platforms.

Resupply and Tfansportation Requirements

Bulk resupply of the offshore platform will be dome with supply
boats operating out of Herendeen Bay, Dutch Harbor or one of the
other Unalaska Island sites described in Section 8.0. Most of

these boats will have ice-breaking hulls and sufficient power to

break ice of the thickness expected in their zone of operation.

Personnel transfer will be done by helicopter. For platforms in

the North Aleutian Basin, an airport and helicopter base could be
established on the north coast of the Alaska Peninsula; as, for

example, the one shown in Figure 2-34 for Herendeen Bay.

/”‘?>
If the offshore development is much further east towards Bristol
Bay, it would be necessary to establish the helicopter base
further east to minimize travel time. In this case a site like
Wide Bay, one of those selected in Section 8.0, might be developed
as a port of entry with on overland road connection to the airport

on the north shore.

Developments in the St. George Basin would be better serviced by

an airport/helicopter base located on Unalaska Island or Cold Bay.

If platforms are located at the northern section of the St. George
lease area, it would be desirable to establish a secondary base on
St. George Island by expanding the runway there for fixed-wing
service and establishing helicopter fueling and maintenance

facilities.
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During the summer, St. George Island is frequently fogged in, and
direct helicopter flights from the Alaska Peninsula or Unalaska to

the St. George platform site.may be required from time to time.

The use of picket ships with helidecks, radar and homing devices
might be well-advised in the early stages of an offshore
development in the Bering Sea. As operational familiarity builds

up, these support vessels can be demobilized.

Offshore development of the Navarin Basin will require a
helicopter base on St. Matthew Island. If it is not practical to
construct a runway for large aircraft on St. Matthew, then a
helicopter shuttle service from Univak Island, 145 miles to the

east, can be substituted.

Sedco will be drilling COST wells in the Navarin Basin next year.
Resupply will be by Boeing Vertol 234s flying out of Nome
approximately 400 miles away. Although support procedures for
exploratory operations are not necessarily practical for the
support of permanent facilities, these operations should be
watched for possible application to offshore developments in the

Bering Sea.

Construction Planning

The platform topsides can be assembled on a steel support
structure or on a concrete gravity base stricture which may or may
not have subsea storage of crude oil in its‘base. If storage
cells are provided in the base of the concrete production
platform, then a utility shaft must be built into the structure at
the time of its fabrication. As discussed elsewhere in this
report (Section 5.0), the utility shaft gives access to the
storage cells and contains the pumps, piping and wiring needed to

transfer oil and ballast water to and from the storage cells.
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In the option of a steel support structure, the structure must be TN
"set and piled at the offshore site before the topside components S
can be placed on top. Especially in a harsh environment, it is
essential to modularize these components and to make each module

as large as avéilable derrick lift capacity will permit. This is

not only to minimize the offshore work required to assemble the
topsides, but also to minimize the number of hook-up interfaces

required to commission the platform.

When the support structure is a concrete gravity base,
circumstances do not so rigorously define the procedures for
topside assembly. The practice that has been generally followed

has been to:

—= assemble the topsides and the deck structure nearshore,

preferably in a shipyard.

-- fabricate the concrete base structure nearshore in

protected waters.

=~ tow both the completed or nearly completed deck structure
and the base structure to a deepwater location nearshore
where the base can be ballasted down for mating with the
deck structure. At this third site which, though
nearshore, is usually remote from industrial support
facilities, further work is required to interface the

topsides with the utility shaft components.

== tow out the nearly completed platform to its offshore

location and set it on the seafloor.

== vremove the seafastenings and prepare the platform for

commissioning and start-up.
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Considering that the work of topsides fabrication, assembly and
hookup are dispersed through multiple locations over the whole
construction schedule, there.is no well-defined sequence of events
for gravity base platforms aé there is for steel jacket
structures. Neither does a pattern emerge from the history of
gravity-base platform constructions. Platforms with integrated
topsides planned for completion nearshore have been towed out with
much of the topsides not installed, either to meet schedule with
the weather window or because the topside total weight had become

too great for stability under tow.

For purposes of unambiguous construction planning and cost
estimating of topsides on a concrete base, several assumptions

must be made:

1. The complete deck structure and topside components will be
assembled at a shipyard and 90%Z of the hookup work will be

completed there.

2. The same topside modules intended for the steel jacket
structures will be used for the topsides assembly at the
shipyard. This is assumed for reasons of engineering economy
in this study, but the question of modular versus integrated .
construction of topsides nearshore is one of degree and not of
kind. At one end of the range is the fully modular topsides,
as assumed here, where the number of module interfaces is a
minimum of 40 to 50. There is also a maximum in module steel
for structural strength in transportation and lift of the

modules.

The fully integrated deck lies at the other end of the range.
Individual pieces of equipment are lifted aboard with no
modular steel, but there results hundreds of interfaces to

hookup.
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3. The deck, 90% cémplete, will be barged to a remote, nearshore o~
location where it will be mated with the concrete base S
structure. If there is no provision for oil storage in the
structure, no topside hookup manhours will be predicated for

this mating operation. If there are storage cells and a

utility shaft in the structure, hookup manhours will be

allotted for connecting the components of the utility shaft to

the topsides at this remote location.

4. After the platform is towed out and set in place, the
remaining 102 of the hookup manhours will be expended on the
topsides. This is evidently not a plan of action but an
allowance. Since no gravity structure has been fully
completed nearshore due to delays in schedule and to the need
for tow-out during the weather window, it would be unrealistic
to assume a platform for the Bering Sea could improve on that
record. ‘

5. Consideration has been given by others to the question of how -
much work would be needed to commission a gravity platform if
it were to be towed out in a state of fully completed hookup.
From these considerations, an opinion has developed that a
minimum of 500,000 manhours would be needed to remove sea
fastenings, repair damage resulting from the tow and perform
other works prior to platform commissioning and starﬁup. It
will be assumed in this study that for both cases of
throughput, 500,000 additional manhours will be required
offshore for preparation of the platform beyond the 10%

allowed for hookup completion.
2.10.1 Topside Modules

In the broad sense, the design and construction of the topside

modules can follow either of two approaches - TN
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2.10.2

2.10.2.1

1. Complete, detailed design of all modules by a prime
contractor who solicits bids from module fabricators based

on the design drawings.

2. Conceptual design of the modules by a prime contractor who
solicits bids for detailed design and fabrication from

suppliers.

The second method is appropriate to a fast track schedule, since
the module supplier, working from detailed specifications on
module performance, interfacial connections, and size and weight
requirements, is otherwise free to draw from previous designs and
equipment selections to expedite the module fabrication. On the
other hand, this approach requires a high level of supervision,
coordination and inspection on the part of the prime contractor to

maintain cost control and schedule among the module fabricators.

The topside modules would be built in the United States or Asia
and then tfansported by barge to the staging area in the Bering
Sea region or to the site selected for the gravity-platform
topside assembly. Derrick-barge and support fleet operations for
module placement at the site of the steel structure location are

described in Section 4.0.
Topsides Hookup
Hookup Offshore

The steel jacket structure will be towed out, launched, set in
Place, piled and prepared for loading topside modules.

The usual practice in setting modules is to load all of them in
one continuous operation in as short a time interval as weather

conditions will permit. To this purpose, emphasis is placed in

2-29



designing the modules for the maximum lift weight within the N
capacity of available floating derrick equipment, taken in this 7

study to be 1600 tons.

The modules for small platforms can sometimes be accommodated on
the deck of the derrick barge and transported to the site of
installation in one load. The large number and total weight of
the modules for both the 100 MBPD and 300 MBPD platform
alternatives prohibit this convenience. The modules will be
transported from the staging area at Unalaska Island or Herendeen
Bay to the platform site on either their ocean transport barges or

on other vessels to which they will have been off-loaded earlier.

It is assumed that most of the modules would be loaded onto one
end of the platform and skidded into place. This saves time in
relocating the derrick barge to different positions around the

platform between module transfers.

The typical procedure in North Sea construction is to anchor a
floatel next to the platform for personnel accommodation during
the entire périod of hookup. This is not considered practical for
Bering Sea operations because of the problems associated with
maintaining a floating structure near a fixed platform in the
presence of sea ice. Instead, sufficient living quarters are
provided in the platform conceptual designs for all the hookup
personnel. Even more bed spaces can be made available by stacking
half-modules (36 beds each) if this measure is warranted.

However, there is an interim period between completion of the
module placement and the start-up of the life support facilities
on the platform when workers may have to be quartered elsewhere
for lack of accommodation on the platform. Alternative measures

during this period include ~

TN
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© Quartering the initial utilities hookup crew on the safety
ship and transferring shift changes to the platform by

helicopter.

o Retaining the derrick vessel for use as a temporary floatel

until life-support systems are operational on the platform.

o Designing some of the platform accommodation modules to be
completely self-contained in power and life-support
facilities. These could later be disassembled and removed
ffom the platform once the permanent systems are »

operational.

The first mode of operation has been used before, and, in that
instance, it was found to be umsatisfactory. Transfer delays due
to weather and other schedule interruptions significantly slowed

the work.

The third approach implies a limited working staff until full

platform quarters and utilities are operational.

Temporary use of the derrick barge as a floatel is plausible only
if that barge is a semi-submersible. Flat-bottomed barges and
ship-shaped hulls are too active in a seaway to be moored near a
fixed platform. In the particular case of a platform in the
Navarin Basin with a pipeline to shore, construction planning
includes two semi-submersible laybarges for the pipelay. One of

these could be converted to a temporary floatel.

The first alternative was used for cost estimation. No floatel is

costed.
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2.10.2.2

2.11

2.12

Hookup Nearshore

Much of the initial hookup at sea scheduling discussed in the last

section is simplified if most of the hookup is done nearshore.

In the case of tow-out with topsides completed or mostly
completed, the quarters and utilities can be made operational soon
after the platform is landed on site. This eliminates the need
for temporary quartering during the initial phases of hookup, and
the full complement of hookup staff, housed aboard the platform,

can be given to readying the system for drilling.

Engineering Considerations

The conceptual topside designs developed in this study are

postulated on particular properties of the crude oil. Significant

23 and 002 content and the

water cut from the quantities assumed could result in important ,//\?D

deviations in the gas oil ratio, H
differences in the topside production facilities required.

It was implicitly assumed that wellhead pressure will be

sufficient to produce the oil. Further facility cost
considerations will be required if gas lift or downhole pumping is

needed for crude production.

Summary and Conclusions

It may be generally concluded that production platform topsides in
the Bering Sea are essentially the same as those in the North Sea
with certain exceptions, all relating to the presence of sea ice

in the Bering Sea. For the Bering Sea these exceptions are:
== More quarters for personnel are required.

TN

-~ More storage capacity is needed for both bulk and liquids. \;)
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The maximum number of well slots is limited by the

requirement that the conductors be protected from sea ice.

.
¢

Platform evacuation procedures and equipment require
development to ensure personnel safety during an emergency

in the presence of sea ice.

Air and sea transportation is more expensive and more
difficult due to ice conditions, fog and potentially long
travel distances in addition to the consistently harsh

climatic conditions.
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3.0

3.1

PLATFORM ALTERNATIVES

Scope of Work

Prior to the initiation of preliminary designs for drilling and production
platforms (documented in Sections 4 and 5), several platform configura-
tions were qualitatively evaluated. Concepts evaluated included the

following:

- Steel Pile Supported Structures
- Eight Leg Template with Skirt Piles
- Four plus Four Template with Skirt Piles
- Eight Leg Template with Caisson
- Self Floating Tower Type with Cluster Pf]es
- Concrete Gravity Structures
- Four Leg Condeep Type
- Condeep Monotower
- Twin Tower
- Tripod with Monotower
- Chevron Monotower
- Floating Production System

- Semi-Submersible

Not all possible configurafions were examined; however, it was felt that
by briefly examining and evaluating several of the fundamental options
that one steel and one concrete structure could be selected as the most
promising alternative for the criteria selected. It is very possible that
concepts which were rejected may have future application if the selection

criteria is changed.



. » P
- The floating production system documented in this section is discussed in “D
more detail than the steel or concrete structures. The primary discussion

of the fixed platforms is contained in the following two sections.

Cost estimates for the chosen steel system, concrete system, and floating

production system are given in Section 6.

TR
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3.2.1

3.2.2

3.2.3

Selection Criteria

Track Record of Concept

As much as possible, proven concepts were favored over concepts or con-
figurations which had not been constructed in hostile environments pre-
viously. This provided a good basis for establishing credible preliminary
designs quickly, and increased the level of confidence in the associated

costs.
Flexibility

The ability to adapt the concept to changes in operational or enviroq-
mental criteria was an important selection criterion. This is especially
true in ear]y‘feasibility studies, but alsc for site specific projects.
It is imperative that a concept not be overly sensitive fn feasibility or

cost to relatively minor changes in criteria.
Suitability to Specified Criteria

Since the Southern Bering Sea has three significant environmental threats
(storms, earthquakes and ice) plus very large topside, and in the case of
concrete gravity platforms, storage requirements, a structure must be
configured to deal with these mu]tip]e considerations. Some structures
may have been very efficient in dealing with one environmental element but
poor for others. Concepts were favored that offered a balance even if

they performed more poorly for one particular aspect than another concept.

3-3



3.3

3‘3.1

Steel Structure Alternatives

Several types of steel pile-supported platforms have been qualitatively
evaluated for their applicability in the Southern BeringASea. The struc-
tures considered are (1) an eight leg template with one vertical face,
(2) a four plus four template, (3) an eight leg template with all faces
battered and a caisson to protect the wells, and (4) a four-leg self- |
floating tower. Additionally, a trussed deck support structure has been
compared against a box girder system, and the problems and benefits of
diagonal bracing from the deck level to the top of jacket have been |

reviewed.

Eight Leg Template with Skirt Piles

Figure 3-1 shows schematic elevations of an eight leg template. It has
one vertical face with two large diameter vertical legs through which the
wells can be run. Braces piercing the water surface are avoided because
they are susceptible to damage from ice and they add congestion, which
tends to encourage ice jamming. Advantages for this stfucture are good
structural redundancy, ample support points for the deck and the capa-
bility to readily accommodate a two-piece deck substructure, easy accom-
modation of conventional pile driving, and easy adaptation to barge
transport and launch at sea. Its major disadvantage is that it is too
congested at the water surface to avoid ice jamming. That is, there is

insufficient clearance between the legs to allow ice to clear, and it is

probable. that rubble piles could build around the legs and eventually lead |

to lateral ice pressure across the plane of the entire structure cutting

the water surface. The structure requires supplemental skirt piles to

3-4
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3.3.2

3.3.3

support the Heavy deck loads and large overturning moments that are

expected.
Four Plus Four Template with Skirt Piles

The four plus four template (see Figure 3-2) has most of the advantages of
the previously described eight-leg template, but by eliminating the corner
Tegs through the ice and air zone it avoids the high potential for ice
Jamming. Of course, eliminating the upper portions of the corner legs has
the negative effects of reducing the number of legs supporting the deck

and reducing the structural redundancy at the top of the structure.
Eight-Leg Templaté with Well Caisson

Another alternative is an eight-leg template with a caisson at the tob of
the structure to protect the wells through the ice and air zone and where
wave kinematics are most severe. This structure is shown in Figure 3-3.

Since the wells do not run through the legs, all faces of the structure

‘can be battered. Additionally, a relatively conventional deck arrangement

is possible because the location of the caisson is variable to some
degree. The major disadvantages of this structure are complex framing
between the jacket and caisson and severe congestion at the water sUrface;
This latter characteristic creates a high potential for ice jamming, and
the large-diameter caisson necessary to accommodate the wells will experi-

ence relatively large hydrodynamic forces.
Self-Floating Tower Type

The last option considered is a four-leg tower (Figure 3-4). Two vertical

legs can be used to contain the wells; the other two legs are battered in

3-5



3.3.5

one direction to help spread the base of the tower. A logical foundation /,~¢)
for this structure is clustered piles at each leg. The legs must be.

spread far apart in order to avoid excessive f]exibi]ity and high over-

turning loads to the foundation. This minimizes the potential for ice

Jjamming, but it necessitates using supplemental braces to support the very

long deck girders, and leads to self-flotation as the most promising
transportation method. Transportation by self-flotation is thought to be
somewhat more risky than by barge. Another disadvantage of this structure

is that the deck arrangement cannot be optimum from a safety standpoint.

Since the two vertical legs must be spread far apart, the wells are

grouped at two corners on a long side of the deck. A safer deck arrange-

ment locates the wells along a short side of the deck, so that the deck

can be stretched away from the wellheads to maximize the distance between /f-q)

the wellheads and other sensitive modules such as guarters.
Deck Structure Alternatives

A substantial deck structure is required to support the heavy pay1oads
that are anticipated. Furthermore, the deck structure must be stiff in
bending to complete a moment frame at the top of the structuré, if sway
braces are to be avoided. Configurations without sway braces are pre-

ferred because they minimize the potential for ice jamming.

Figures 3-5, 3-6 and 3-7 show three possible configurations for a deck

support structure. A deep truss could provide a reasonably high strength
to weight ratio. Its major di;advantage is its depth, estimated to be in
excess of 30 feet. Either a véry high deck elevation or a lower truss '

4,

chord strengthened to tolerate wave and ice impacts are implied. A box “4)
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girder, although probably somewhat heavier than a deep truss, has several
advantages. Its required depth is less, probably in the range of 15 to 20
feet. Additionally, it is re]ative]y’insensitivé to the location of
equipment module reactions points, is torsionally stiff, and offers Tiquid
storage potential. The third optioh is either a shallow truss or girder
supported vertically by legs and K-braces. From the standpoint of the
decks, this is a good solution because it can be relatively light and
shallow without large deflections. However, it has already been noted
that the k-braces are susceptible to damage from ice slam and they tend to
congest the structure at the water surface, causing ice jamming and
increased lateral loads. It is estimated that the braces need be roughly
7-feet in diameter just to resist the bending which could be induced by

ice slamming into them at midspan.
Conclusions

To limit the scope of subsequent work, one jacket type and deck support
structure type were selected to be carried through preliminary designs at
each of the three study basins. The four plus four template was selected
because it has good redundancy yet is fairly "clean" through the ice zone,
minimizing ice loads and ice jamming. Additionally, the four plus four
template can be transported and installed using reasonably conventional
procedures. This jacket demands either deep trusses or box girders at the
deck to avoid excessive deck deflections and large bending moments in the
legs. The box girder scheme was selected because it is shallower, offers
torsional stiffness for redundancy and is insensitive to module reactions

points’.
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It should not be construed that the selected structural scheme is the ~
optimum at each basin. Rather, the scheme provides a common basis for

developing consistent approximate cost estimates for a structure which has
characteristics believed generally applicable for the Southern Bering Sea.

For instance, at the Navarin Basin, it is assumed that ice floes and

ridges may bridge between platform legs regardiess of their spacing. In

this case, the "clean" profi]e of the four plus four template may not

offer an obvious advantage in terms of total lateral load. The eight-leg
template may be equally as feasible, plus it has more support points for

the deck.

Concrete Gravity Structure Alternatives

Concrete Gravity Base Structures (GBS) have been used for offshore dril- ,/’“f;
Ting production and storage in the North Sea since 1973 (see Table 3-1).

The use of similar structures in the three basins examined in this study

presents additional challenges primarily due to the weaker foundation

soils, the presence of sea ice and the relatively higher seismicity of the

area.

Five different concrete GBS alternatives were considered in this study.
The main difference between the various alternatives is in the number of
shafts and their layout. Following is a summary of the main features

characterizing each of the alternatives considered.
Four Legged

The tower is composed of four shafts extending between the gravity base

/~«3

and the bottom of the deck (Figure 3-8). The shafts are tapered and
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describe in plan a rectangular geometry which provides a convenient
topside support. The living quarterson the deck can be conveniently
separated from the drilling and produétibn facilities by means of a
concrete blast wall. Other advantages‘associated with the four-legged
configuration are the existence of structural redundancy and good sta-
bility afloat. The latter is due to the relatively increased water plane
moment of inertia which contributes to the overall floating stability.
Furthermore, the four shafts enable a convenient separation of the dril-
ling production and utility equipment. A possible disadvantage is due to
the increased likelihood of ice "jamming" among the shafts. This problem
can be, to a large degree, minimized{if the net spacing between the shaft
is kept‘above 100 feet. The four legged structure was the selected

alternative in this study.
Monotower

The tower is composed of a single shaft extending between the gravity base
and the bottom of the deck (Figure 3-9). This structure is expected to
perform well in resisting ice loads; however, it doesn't maintain any
redundancy, and thus may be exposed to more severe consequences due to
accidental damage. Furthermore, the deck support is not efficient due to
the cantilever geometry. The structure's floating stability is relatively
small and may require auxiliary means such as heavy ballasting or temporary

buoyancy during the transportation and installation phases.
Twin Tower

This alternative (Figure 3-10) is, perhaps, a midway solution between

the previous two alternatives. It maintains some limited structural
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redundancy, however, the deck support is not. very efficient due to the
partial cantilever geometry. The floating stability of this alternative
is relatively small due to a limited water plane moment of inertia about
the minor axis. Hence, auxiliary stabililty means similar to the mono-

tower alternative may be required.

Tripod with Monotower

The tower of this structure is a combination of three inclined colﬁmns
supporting a single shaft vertical tower (Figure 3-11). This alternative
may be suitable to deep water sites, primarily due to the reduced wave
loads on the base caisson. It is expected to pérform well in resisting
ice loads; however, at the present time it constitutes an unproven con-
struction method. As with to the monotower alternative, the deck support
is inefficient due to its cantilever geometry. Furthermore, it is diffi-
cult to provide a structural separation between the living quarters and

the drilling production equipment.
Chevron Concept

This structural alternative differs from all the other alternatives in
its base geometry. The base is composed of three wing flat slab framing
into three perpendicular walls with bottle like columns at each end

(Figure 3-12).

The tower is composed of a single vertical circular shaft which provides
the structure with good ice load resistance capability. The concept is
particularly suitable for deep'water sites, where no major crude o0il

storage is required. On the other hand, the construction of this
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E structure calls for the use of unproven methods which could make this

alternative economically unfeasible. ; Other disadvantages present in this
concept are the low torsional resistance capacity, the absence of storage

space, and the inefficient deck support system.
Conclusions

In order to limit the scope of subsequent work, one gravity structure type
was selected to be carried through preliminary designs at each of the
three lease sale areas. The four leg Condeep style was selected primarily
because of the redundancy of four legs, potential for storage, good deck
support, plus its proven track‘record (Statfjord B and C). Furthermore,
the primary potential benefits of utilizing fewer main shafats, ile.,

lower ice forces or concrete savings, were not thought to be significant.

‘This is due to the presumed predominance of seismic or oceanographic

criteria for the vast majority of cases in the Southern Bering Sea.

Floating Production Systems

Introduction

A candidate floating production system is discussed in soméwhat greater
detail than the steel or concete alternatives were discussed in Sections
3.3 and 3.4. This is because floating production systems were not pursued
through a preliminary design as were the steel or concrete platforms as
detailed in Sections 4 and 5. The primary limitation of the floating
systems is thought to be the lack of a field proven floating system

which could provide a base for continuous operations for the anticipated

high production rates. There are untested floating concepts which
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have been proposed such as that shown in Figure 3-13 which could resist

the anticipated ice forces, and also pfovide for a significant payload.

 The current study did not pursue these concepts.

We believe that proven floating production systems do have a possible
application as outlined in this section, even though they do not meet all

the specified criteria.
Scope of Work

The intent of this study was to evaluate the feésibi]ity of a representa-

tive floating production system for use in the Southern Bering Sea. The

scope of the study is focused on field production rates (per vessel) of

(50,000) BPD or less. The study, therefore, lends itself in general TN
towards evaluation of production alternatives for marginal fields, early

production and/or extended production testing.

Given the study scope, there are several potentially feasible floating
production systems. It was felt, however, that the main effort be directed

as much as possible towards systems consisting of state-of-practice, field
proven components. Based upon these requirements, there were basically

two types of production alternatives considered: semi-submersib]e’

platforms and ship-shape platforms. In general, either alternative is a

viable one. In a harsh environment such as the Bering Sea, however,
semi-submersibles are field-proven. A ship-shape production vessel has

yet to be designed and moored jn a severe environment. Whereas a semi-

N

submersible has a relatively sﬁa?] waterplane area‘compared to its dis-

placement, a ship-shape vessel has a relatively large waterplane area , “;>
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Cﬁw”\, compared to its disp]acement,_a—shipashapeuvesse1~haswamre1ative%y-%arge"“
waterplane—area; resulting in th€ greater susceptibility to wave-induced
motions and high mooring forces. In an effort to focus the study on field
proven components, semisubmersibles were selected for the candidate

production platforms.
The following production systems are evaluated in the study:

-~ Purpose Built Semi
4000 to 7000 Ton Payload
25,000 to 50,000 BPD Production

- Converted Drilling Semi/Ice Strengthened
2000 to 3006 Ton Payload

e Less Than 25,000 BPD Production
| - Converted Drilling Semi/Nonmodified

2000 to 3000 Ton Payload
Less Than 25,000 BPD Production

The following system components are also identified and evaluated:

- Product Offloading and Storage Systems
(SPM, storage tanker)
"= Semi Mooring System

- Subsea Template and Marine Riser

The products of this study include an evaluation of the various production
system components in an environment typical of the Southern Bering Sea.

This includes consideration of structural ice strengthening of all affected

components and also an evaluation of total system disconnection and site
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P N
: TN
abandonment in the event of sea ice intrusion exceeding the system design ,

conditions. Much of the evaluation is in the form of design recommendations.

These recommendations are based in part upon information gathered from
meetings and discussions with drilling contractors with experience in ice
environments (example: Cook Inlet) and also from meetings with product

vendors.

In addition to system design recommendations, estimates of system costs
and schedules are included in Section 6. Although these will be approxi-
mate costs they should facilitate in planning for development of future

lease sales.

Considering that some of the required components and/or modifications and
‘ P
their limitations are either not state-of-practice or not known, recom- «)

mendations for future work are also included thboughout the study.
Application

Floating production systems can have decided advantages over fixed plat-
forms for both moderate and severe environment field development. General

advantages include:

Early Production

Marginal Field Development

Early Reservoir Evaluation

Cost Reduction

Re-usable : ’ —~

Minimal seismic and soil constraints K,w)
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In a severe environment such as the Bering Sea, principal advantages of

floating production systems include: :

Mobility for Resiting or Site-Abandonment

Design Need Not Resist Maximum Expected Loading Conditions

In the Southern Bering Sea, ice floes and wave-ice interaction can produce
excessive loads. However, especially in the southern basins, seasons of
ice coverage (say three oktas and greater) can be quite short and summer

seasons* quite long, even one or more years.
Semi-Submersible Production Systems

The proposed semi-submersible production system woq1d consist of seafloor
wells produced through a subsea template and possibly satellite wells
connected by flowlines to the template. Template wells allow wireline
workover to be performed. The gathering manifold would be located on the
subsea template and connected via a production riser to the semi. All
seafloor equipment would be controlled from the surféce. Process facili-
ties would be located on the deck of the semi. Processed oil would be
pumped through a sales line back to the seafloor into the storage and/or
offloading system. In order to minimize required deck payloads, it is
assumed that the associated gas produced would be flared and treated

broduced water would be pumped overboard.

As a reference, semi-submersible production facilities are presently on

line and producing in the Argyll and Buchan Fields in the North Sea.

*Summer season is defined as the period of time when total ice concentra-
tion is less than or equal to a specified concentration.
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A schematic diagram of the candidate floating production system is shown

in Figure 3-14.
Evaluation of System Components

Each of the basic components of the semi-submersible floating production
system will be discussed and evaluated in terms of its adaptability to an
environment typical of the Southern Bering Sea. The main focus is on ice

stréngthening and design for quick disconnect.
Semi-submersible

Converted Drilling Semi

As was stated earlier, there are two types of converted drilling semis
considered in this study. One is assumed to be modified for sea ice . i)

conditions (example: Baltic Class 1-C Design Criteria) and the other is

‘assumed to be nonmodified. Each are typical of the SEDCO 700 series

semi-submersibles with production capacities of about 25,000 BPD or less.

A typical profile and deck layout for this class converted semi is shown

~in Figures 3-15, 3-16, and 3-17.

Baltic Class 1-C design criteria require strength to withstand 75 psi sea
ice pressure, 24 inches’thick. Modifiﬁations can be provided for either
transit or transit and drilling (production) draft. The rationale for
providing transit druft modifications only would be that of an insurance
measure. The operator would nqt plan to work in sea ice conditions, but
if caught in such conditions, the structure could safely abandon the site.

Structural modifications for transit draft ice strengthening include: \~>
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- Increase plate at the bottom of the columns.
- Increase plate thickness on the top of pontoons.
- Add stiffening girders to pontdons.

- Add plate to pontoon bow sections.

In order to provide ice strength at production draft, the following

additional modifications need to be made:

- Add longitudinal plate stiffeners to vertical members.

- Add deep ring girders and longitudinal stiffeners to columns.

In a sheet ice environment, the vertical structural bracing is the weakest
structural link. These members are typically 5 feet in diameter and 100
feet long. Invading ice floes can create local failure and cause bending
at the joints. In addition, wave-ice interaction can produce local ice
loads of sufficient magnitude to knock out these vertical bracing members.
Additional measures can be taken to reduce the risk of such damage. These
include the incorporation of an "ice fence" to elastically absorb ice
impact loads. SEDCO has developed an ice fence design to be placed around
the perimeter of the semi. It would be constructed of 1-1/2 inch bridge
strand and the design is estimated to withstand 50' x 50' x 6' ice floe
thfckness producing loads up to 800 to 900 kips with floe velocities of 1

to 2 knots.

Another measure to reduce the likelihood of local structural damage due to
sea ice involves the utilization of workboats to divert the ice floes
around the structure. The maximum ice coverage for such an operation is
probab1y 3 oktas. Greater coverage than this would require failing the

invading ice rather than diverting it around the structure.

3-17



Referring to the required structural modifications of ice-strengthening at s

transit and production draft, SEDCO has estimated the amount of steel to
perform such modifications to be about 600 tons. This weight includes the
estimated weight of the ice fence. This additional weight will directly
reduce the amount of allowable deck payload; however, there ié still ample
capacity for the production systems and throughputs considered in thjs

study.

For the case of the non-modified semi, it is assumed that operations will
be continued until there is risk of ice-structure interaction. At this

time, the riser and moorings will be disconnected and the site abandoned.

Based upon knowledge of particular reservoir characteristics as well as
vexpected ice conditions, economic analyses can be performed relating the
additional cost for ice strengthening to the anticipated additional

revenue due to extended on-site production time.

Purpose-Built Semi

As stated earlier, the purpose-built semi described in this study would
have a deck load capacity of 4500 to 7000 tons and a production capacity
of up to 50,000 BPD. To accommodate such capacities, this purpose-
built semi would be larger than any semi built to date. However, accom-
panying the recent interest in sub-arctic field production, a number of

designs for all-weather, ice class semis have been proposed.

One such semi design is shown in Figure 3-18. This is the recentiy pro-

posed Santa Fe Sub-Arctic semi. The hulls and columns are icé strengthened.

In addition, the design includes a winterization system which includes
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temperature controls to prevent ice accumulation on the caissons and

underside of the upper hull,

Other companies involved in the development of ice-class semis are SEDCO,

Global Marine, Zapata and Mitsui.

One characteristic of purpose-built ice-class semis is the substantial
reduction or elimination of vertical framing. These are the weakest
structural links in conventional semis under ice ioading conditions. The
required structural stiffness (racking; hogging, sagging) is obtained
through stronger and stiffer pontoons, stronger and stiffer columns, and
incorporation of deep-girder and plate-stiffened or shallow truss deck
design. The bottom of the deck support framing should be above the level

of potential ice impact. The hulls are of double skin construction.

These purpose built semis, as discussed in this study, have two main
aanntages: greater production (and possibly stbrage)'capacity and
greater ability to withstand ice forces. The question is whether these
advantages outweigh the additional cost and required construction times of
these structures. Such evaluations must be based upon estimated reservoir

characteristics and reliability considerations.

-Semi-submersible Mooring Systems

In a sea ice environment, the semi mooring system is the second weakest
structural link in a conventional semi production system. To increase the
capacity of the conventional drag anchor mooring system, anchor piles

may be used to give additional restoring force to the existing mooring

3-19



3.5.5.3

system. In addition, the number and/or diameter of the anchor lines may

be increased.

A proposed mooring system for a purpose-built semi includes a 12-point
moorihg arrangement with all-chain mooring lines. Such is the design for
the Santa Fe Sub-Arctic semi. SEDCO has developed a purpose-bui]ﬁ ice
class semi-design (4,500 ton deck payload capacity) which utilizes a

similar arrangement with anchor piles.

In the event that ice conditions exceed the limiting operational condi-
tion; for the floating production system, the mooring system should be
equipped with state-of-practice remote controlled selective quick dis-
connect moorings. By permitting instantaneous disconnection of the
mooring lines, production time can be extended by avoiding premature site
abandonment. This time saved can allow for work boats to break up ice
floes and permit production to continue. Considering the daily rates for
various production support systems, the economics of such a system is
easily realized. These also provide an important safety measure as ice
floes can move rapidly and prohibit conventional anchor handling. There

are presently 120 rig anchor release units in use throughout the world.
Storage and Offloading Systems

It is assumed that for an early production system or the production of a
marginal field that the candidate offshore storage and offloading systems
would involve either a dedicated storage tanker moored to a single-point
mooring with shutt]e tanker offloading or a "tight-line" batch operation

with no oil stored on location and shuttle tankers offloading directly
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from an SPM. Considering the remote location as well as sea ice and
meterological conditions, however, it:is probable that the dedicated
storage tanker system would prove to Be more attractive due to the sub-

stantial reduction in downtimes.

The dedicated storage tanker system involves the mooring of the tanker to
the SPM via a rigid yoke. An example of such a system design for a severe
environment (North Sea) is Shell/Esso's Fulmar Field production system.
Shuttle tankers may be moored either side-by-side or in tandem with the
storage tanker. In severe environments, tandem mooring is less sensitive

to storm conditions.

The selection of a particular single-point mooring system for development
of the Southern Bering Sea will be strongly affected by the consideration
of sea ice and superstructure icing that are prevalent in the area.
Terminals that could withstand both severe wave and ice conditions while
keeping oil transfer hoses well above the water where they would be
unaffected by the ice conditions would lead to very massive and expensive
structures. It is therefore possible to take advantage of seasonal
terminal operations. The mooring should be designed to-withstand local
ice loads as an insurance measure; however, when sea ice invades the site
to the extent that it is not easily deflected around the mooring, a design
is required that provides a means for either submerging the system below

the ice or of releasing some or all of the SPM and towing it to safety.
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Submergence System

Tnere are a number of possible designs for a submerged SPM. Systems have
been considered that are either fully lowered to the seafloor or partially

submerged to some point of buoyant equilibrium.

A fully submergible design could be a modified SALM design. At the
appropriate time, the yoke wou{d be disconnected from the mooring and
towed in by the‘storage tanker. Once the yoke is detached, the buoyant
section of the SALM would be}flooded and the structure lowered to the
seaf]dor. The Tower universal joint between the base and the leg would bé
designed to accommodate angles 6f up to 90 degrees. A small marker buoy
would be attached with a pennant line to the submerged structure for a
location marker. The re-float operation would be diver-assisted. ,/;<i>
Another submergible SPM concept designed specifically for the Beking Sea
was developed by IMODCO. This system is known as the Chain Articulated
Tower (CAT). It is basically a hybrid between SALM and a CALM system.

The catenary chains used to resist horizontal forces on the CAT terminal
also allow it to be submerged below the depth of potential ice cover and
not cause it to impact on the seafloor which may cause damage. Partial
flooding of the buoyan;y compartments causes a net downward load which
causes the structure to tilt over and submerge. The downward motion is
stopped when sufficient chain has been deposited on the seafloor so that
the CAT's buoyancy matches its submerged weight. The yoke is designed to
counterbalance itself and lock:to the storage tanker. This allows the

yoke to be easily transported by the storage tanker at the time of site N

D)
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abandonment. Schematic diagrams of the CAT system are shown in Figures

3-19, 3-20, 3-21, and 3-22.

Retrievable SPM System

The single anchor leg mooring (SALM) system is best suited as a retriev-
able SPM design basica]]j due to the minimum amount of complexity in its
design. In fact, a retrievable SALM is essentially a state-of-practice
design. The retrieval scheme is basically the reverse of the installation
scheme. Either a gravity or pile-founded base would be pre-instal]ed on
the seafloor, and the lower univérsa] joint on the riser leg Woulq be

attached mechanically. At the time of retrieval, this U-joint would be

- unlatched hydraulically. The system would then be towed to the shore.

One important advantage of a retrievable SPM system over a submergible

system is the ability to perform onshore maintenance.

The various single point mooring designs discussed here are the least
field-proven components of the floating production systems evaluated in
this study. We have assumed one year of pre-engineering work to provide
acceptable confidence 1évels for the development of‘an effective and

economical design.
Marine Riser and Subsea Production Systems

The design of the marine riser and subsea production system for use in the
Southern Bering Sea is basically state-of-practice. Since no icebergs are
present there is no risk of damage to subsea equipment due to ice impact.
As a means of protectionlof the riser from the sea ice, one possible

solution is the incorporation of a steel leg or caisson through which the
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approximately 30 feet in diameter. Another possibility, as mentioned ' p

earlier, is the use of the "ice fence" concept to elastically absorb the

impact of ice floes.

If the environmental conditions exceed the design conditions for the
floating production system, it is simple and proven technology to perform
a quick-disconnect of the riser. This involves first purging of all
flowlines. The riser tension would then be released to a minimum level
and the riser would be remotely disconnected‘just above the subsea
manifold. The riser would then be stroked to avoid impact with subsea
equipment. The entire emergency riser disconnection operation can be

performed in as little as one hour.

To underscore the fact that‘such an operation is simple and proven tech- AT
nology, during the first 19 months of operation of the‘floating production ’
facility in the Argyll Field in the North Sea, the production riser was
pulled 17 times for weather. This also underscores possible weather

sensitivity.
Operations Summary

In this section, some of the operational aspects of floating production

systems in the southern Bering Sea are discussed.

The number and type of required support vessels will vary.depending on

specific requirements such as resupply intervals and distance to opera-

tions shore base. One workboa? should be on location at all times for

emergency evacuation and suppo}t purposes. Based upon limiting sea ice TN

conditions, a number of ice-class workboats should be on site for the \«)
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* purpose of breaking up and diverting ice floes around the structure.

These workboats will also be used as support vessels for offloading
operations to shuttle tankers and poséibly mooring operations for the

storage tanker.

The advantage of producing wells with a semi-submersible from a subsea
template is the ability to perform wireline workovers from the producing
vessel. Also, since individual flowlines produce each well, workovers are
possible without interrupting production from other wells. If satellite
wells are incorporated into the production scheme, workovers of these

wells must be performed by a separate drilling veSse].

Although the semi and storage tanker will be designed for the 100-year
storm (omitting ice), the transfer of oil to the shuttle tankers is |
limited to substantially less severe sea states. Shuttle tanker moor ing
and hose connection to the storage tanker is limited to wave heights of
about 10 to 15 feet. Product transfer will probably have to cease when
waves build up to 15 to 20 feet although North Sea operations have at
times exceeded these values. This limit will be somewhat controlled by
relative tanker sizes. In addition, ice floe conditions may also con-
tribute to some offloading and-pbssib]y produciiohldowﬁtime, depending
upon the amount of "buffer" storage available at the time and the duration

of the ice condition.

An additional and very important operational constraint is the occurrence
of a storm during the ice season. As was stated earlier, wave driven ice
floes can produce enough impact force to damage vertical brace members.

Given the susceptibility to this type of damage (converted semis), ice
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netting and the ability for quick disconnect.and site abandonment is y

imperative.

Costs and Scheduling

Cost and scheduling information is included in Section 6.
Engineering Considerations

Recent. technological developments in such areas as subsea production

equipment and single point moorings have substantially increased the

feasibility of floating production systems in even the harshest ocean
environments. Floating production systems are particularly suited for

early field production, marginal field production and early reservoir

eva]uatioﬁ. The main advantages of floating production systems are ’/»\¢>
substantial capital cost reduction compared to fixed structures, mobility

for re-siting or site abandonment under severe conditions, and they are

re-usable.

The field development of the southern Bering Sea lease sale areas evalu-
ated in this study will require system designs to}withstand and/or evade
seasonal sea ice conditions. The technology exists for such design
requirements although for‘some of the system components, such is beyond
the state-of-practice. In particular, an offshore storage and offloading
terminal has yet to be designed and constructed for such an environment.
This is a critical area which will require future work. For example, the
effect of superstructure icing:on the SPM could disturb the function of
exposed equipment such as hose'connections or swivel joints. With respect 7N

to the actual SPM superstructure design, substantial model testing will be &w)
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required to analyze and evaluate either the disconnection or submergence

procedures.

With regards to the production platforms, this study focused on the
semi-submersible platform based upon their track record as effective
production platforms and experience 1n'dr111ing in similar ice environ-
ments similar to the Bering Sea. There are, however, other viable solu-
tions as well, which warrant further study. An integrated floating
production and storage system, such as that installed in the Castellon
field offshore Spain by Shell Espana, is a potential alternative. In this
system, a dedicated tanker moored by a rigid buoyant yoke performs the
production and process operations as well as storage. Thus the system is
fully self-contained. This may be a significant advantage in a sea ice
environment in terms of quick site abandonment. As was stated earlier,
however, a ship-shape vessel has yet to be designed and moored in a harsh

environment such as the Bering Sea.

A significant advantage of a converted semi could be substantially reduced
times for first broduction. The critical path for schedule shown in
Section 6 is the construction of the subsea template and drilling of the
wells. If only a small number of wells were pre-drilled (the schedule
assumumes all six template wells pre-drilled), the platforms could be
on-line much sooner. The advantage that the converted semi has over the
purpose-built semi is substantially less design and in-yard construction
time. The economics of such a decision will depend on such things as
anticipated field production rate per well and scheduling of the other
system components.
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From an operational standpoint, more information is required .relating P

structural ice strength to actual sea ice conditions. 1In particular,
local loads due to wave-ice interaction need more study. In order to run
preliminary economics, estimated downtimes are required which will be
based upon such information. More accurate seasonal ice coverage data
will also be required. Unique problems need also be identified which are
associated with operating in or near ice areas and in very remote areas.

Potential solutions to these problems need be identified.
Conclusions

Based on the work done herein, we would not recommend the use of semi-
submersible floating production systems as the primary development concept

for major fields due to unresolved quéstions about sensitivity to ice ‘/—\¢>
impact, evacuation strategy and higher maintenance sensitivity in a very

remote area. We do believe that the systems'discussed should be con-

sidered as companion‘systems to the primary fixed platform concepts.
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4.1.1

4.1.2

STEEL PILE SUPPORTED STRUCTURES

Introduction

Scope of Work

The preceding chapter describes how the 4 plus 4 template was qualita-
tively evaluated to be the steel platform concept most generally promising
for the Southern Bering Sea. The 4 plus 4 template has been carried
through to preliminary designs for conditions typical of three basins in
the Bering Sea: St. George Basin, Navarin Basin, and the North Aleutian
Shelf. The purpose of this work is to confirm the technical feasibility
of the structure, and to develop designs sufficiently to enable preparation
of cost estimates suitable for use in deciding bidding strategies. In
this regard, it is not‘requisite to complete the designs in detail.
However, it is important to assess their sensitivity to variations in
conditions such as production rate, water depth, environmental loads, and

soil profile,
Organization of Section

First, the fol]owiﬁg text introduces the structural configuration that was
studied (Section 4.1.3) and the premises and assumptions used to develop
the preliminary desighs (Section 4.2). Then sections 4.3, 4.4, and 4.5
present the designs for the St. George, Navarin, and North Aleutian
Basins, respectively. Each of these latter sections describes the speci-
fic operational and environmental conditions, structural analysis,
resulting preliminary design, material estimation and construction plan-

ning for a base case design. Additiona?]y, each base case design's
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4.1.3

sensitivity to pTausiblé ranges in key operational and environmental

variables is discussed. The assumed base case production rate is 300,000

barrels per day for all basins; base case water depth is 450 feet for the

Navarin and St. George Basins, and 300 feet for the North Aleutian

Shelf. Section 4.6 concludes the chapter with a critique of the designs'

and general conclusions.

Structure Configuration

Drawing 101 shows the proposed structural configuration. Key elements

and features of the base case 4 plus 4 template are:

Two large diameter vertical legs (A2 and A3) through which the

well conductors can be run.

Two parallel battered back legs (B2 and B3) serving as runners
for loadout and launch at sea. These legs are large diameter at
the upper two bays of the structure, but make a transition to more

conventional smaller diameters below.

Two battered corner legs (Al and A4) and two double-battered
corner legs (Bl and B4) which run from roughly elevation -30
feet downwards; they complete the template and spread the base of

the structure.

The absence of horizontal and vertical bracing from elevations +65
to -30 feet. This minimizes the potential for ice jamming and
limits direct ice loadiﬁgs to only the large diameter, armored

legs.

4-2
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- Large box girders which support the deck modules and complete the

moment-resisting frame at the top of the structure.

- A steel pile foundation typically comprising six main piles and
twelve skirt piles clustered three around each corner leg. It is
assumed that the conductor drive pipe can functionally replace main

piles for vertical loading at the drill legs.

The legs piercing the water surface are spaced a minimum of 100 feet
center-to-center. This is assumed to be the minimum spacing to provide
ice clearing in the St; George and North Aleutian areas, such that ice
floes will not arch between legs to produce loading across the entire
cross-section of the structure. Larger spacings are objéctionab]e along
rows A and B because they tend to spread the template excessively and do
not allow sufficient deck cantilevers to help balance the bending moment

at the tops of the legs.

Virtually the same platform configuration has been studied for each of the
three basins. Base dimensions and the number of horizontal levels vary
with water depth. Base widths are 170 feet for 300 feet of water and 183
feet for 450 feet of water. Even for the upper bound water depth of 600
feet, the base width of 195 feet is within the construction capacity and
seaway limits of known potentia] fabricators. Using the same configura-
tion at each site does not result in consistently optimized designs,
particularly not for the foundations. However, this approach provides a
reasonably accurate basis for estimating costs and is consistent with the

intended level of detail for this project.
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4.2.1

Premises and Assumptions

Materials

The large payloads and cold environment contemp]atéd for these structures
demand a strong tough steel. Additionally, it is desirable to 1imit
member wall thicknesseé in view of the difficulty in maintaining strength
and weldabi]ity for greater thicknesses, and high yield steels help in

this regard. Proposed steels and their applications are as follows:
- ASTM A-537 Grade 1 (Normalized) in the underwater zone.

- ASTM A-537 Grade 2 {(Quenched and Tempered) or ASTM A-633 Grades C
or D (Norma1ized) in the ice and air zone and in legs A2, 3, B2, B3

down to elevation -125'.

- Common yield strength steels, can be used for secondary braces and
stiffeners, mudmats and other noncritical elements or elements

loaded only during installation.

With the exception of the last item, these steels are classified as Group

11, Type A steels by API RP 2A, and have a yield strength of 50 ksi. They

should be specified with supplemental requirements for Charpy V-notch

toughness of at least 25 foot-pounds at +32°F for the underwater zone and
25 foot-pounds at -40° F for the ice and air zone. Additionally, vacuum
degassing may be specified for steel which will be used in joint cans and

brace stubs.
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Codes

The basic guideline for designing the?p]atforms is the American Petroleum
Institute's "Recommended Practice for Planning, Designing and Constructing
Fixed Offshore Platforms," 12th edition (API RP 2A). The weight of inter-
nal stiffeners in the large diameter legs has been estimated from past
designs for hydrostatic collapse based on the Structural Stability Research

Council's "Guide to Design Criteria for Metal Structures.®
Structure Guidelines and Assumptions

For normal operating conditions, nominal stresses are limited to the

basic allowable values given in API RP 2A. A one-third increase in these

~ basic allowable values is permitted for storm or maximum ice conditions; a

seventy percent increase is permitted for strength requirement seismic

loads.

Several geometric limits have been observed in se]écting brace sizes.
Primary brace sizes were generally selected to achieve slenderness ratios
of 100 or less and diameter/wall thickness ratios of 48 or less. The
former avoids column buckling at small stresses and the latter avoids
premature local buck]ing before development of a member's full plastic

Toad and moment capacity.

Diameter/wall thickness ratios for unstiffened legs (Al, A4, Bl and B4) do
not meet the API RP 2A requirement of 60 or less, thus,'they should be
investigated for local buckling during fabrication, tow and installation.
HOwever, it is assumed that local buckling is precluded for in-place

conditions because piles will be grouted into these legs.

4-5



4.2.4

Al 1égs are assumed flooded but braces are assumed buoyant. ;}

Joint cans and brace stubs have not been designed in detail. Evaluation
of punching shear and fatigue is beyond the scope of this project. How-
ever, a twenty percent allowance in weight has been made for thickening at
the joints, misceilaneous stiffeners, secondary braces, mill and weld

tolerance.
Foundation Assumptions

The piles are designed to achieve saféty factors (the ratio of ultimate

pile caQacity to applied load) of at least 2.0 for normal operating condi-

tions and 1.5 for design storm, ice, or earthquake conditions. Pile

capacities have been estimated from the given undrained shear strength ~
(Figure 4-1) and internal friction angle (Figure 4-2) profiles using the ;)
provisions in Section 2.6.4 of API RP 2A. Figure 4-3 shows pile capacity

curves for sand and clay. Compressive capacity is.based on both skin

friction and tip bearing; in the case of sands, the tip bearing is limited

by the skin friction of the internal soil plug. For tensile loads, the

tip suction is assumed to be zero. Note that the crust associated with

the clay profile has been neglected in determining capacities, on the

assumption that the crust may be absent in local pockets.

Mudline stiffness coefficients of the soil-pile system have been estimated

from past experience and rough calculations. It is especially important

to consider the foundation stiffness when computing forces due to ground

shaking, because these forces are a function of the structure's dynamic a

characteristics. For a 7.5-foot diameter pile, the following mudline 1w)

stiffness coefficients are assumed:
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Axial Lateral
(kip/inch) (kip/inch)

Cohesive

Soft 5000 90 (neglects crust)

Medium 5800 575 (includes crust)

Stiff 7600 1100 (includes crust)
Cohesionless

Loose 11000 300

Medium 13000 600

Dense 14000 1000

The soil-pile bending stiffness and coupling between bending and trans-
Tation tend to be secondary influences on overall platform response; they
are assumed to be those of a pile fixed at roughly 30 feet below the

mudline.
Loads
The following in-place load cases have been considered explicitly:

D = Dead weight of the jacket, appurtenances, piling, grout,
deck support structure, deck module steel and dry deck
equipment.

L = Maximum live load. such as drilling consumables, hook load,
and fluids.

B = Jacket buoyancy.

H = Hydrodynamic foad due to design wave acting statically.
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= Wind 1oad

Current load

m (e} =
1]

= Strength requirement earthquéke

I = -Ice loads-~the worst of either a consolidated rafted ice floe
failing in crushing or a warm compression ridge failing in
double shear; For the Navarfn Basih, it is assumed that the ice
caﬁ bridge between 1e§s, so that the entire cross-section of the
structure piercing éhe water surface is loaded. At St. George
Basin and the North Aleutian Shelf, ice is assumed to load only
the cross-sections of the legs piercing the water surface. This
is discussed in Section 1.

S = Local ice pressure due to wave-driven chunks of ice slamming

intq the platform legs. It is assumed that no more than two

legs can be simultaneously loaded.

Transportation, installation, fatigue and ductility analyses are beyond
the scope of this study, but the material estimations are made with some

contingency for these effects.

Hydrodynamic forces have been computed by the Morison-0'Brien equation
using Cp = 0.7 and Cy = 2.0. Six inches are added to all member

diameters to account for marine growth and appurtenances or secondary
framing not explicitly included in the analytical models. Wave kinematics
have been computed by Airy (linear) theory énd combined with current
kinematics prior to computing;hydrodynamic forces. Designs waves are

applied statically.
Wind loads are computed by equation 2.3.2-2 from API RP 2A:
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0.00256 (V)2

F = Cs A
where
V = wind velocity in miles per hour
Cs = shape coefficient = 1.0
A = projected area of platform

Ice Toads are formulated in Section 1. They are applied at elevation O

feet.

The following load case combinations have been studied:

1. D+L +8B : (operating, no lateral)

2. D+ L +B+H+UH+C (storm)

3. D+ 0.75L +B + E (strength seismic)
4, D+L +B+1+W (ice floe or ridge)
5. D+L +B+S +W (ice slam)

Note that 1ight payload cases have not been included; consideration of
such is unnecessary because the very heavy deck Toads preclude uplift at
the base of the jacket. However, live loads have been reduced 25 percent
when combined with earthquakes, as suggested by API RP 2A. Design wave,
wind plus current or ice plus wind are assumed to act colinearly aldng
either lateral axis or.the dfagona] of the p1étform. The design earth-
quake acceleration spectrum is applied along either lateral axis of the
structure with the same spectrum scaled by 2/3 and 1/2 applied simul-

taneously along the orthogonal lateral and vertical axes, respectively.

Consistent with standard practice, design environmental loads are applied

independently; that is, the design storm, earthquake and ice are assumed
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4.2.6.1

to occur at different times. Ice loads are.superposed with Qesign'wind,
but no hydrodynamic load is added because the presence of ice cover is
assumed to preclude formation of significant waves. It is possible that

some combinations of loading, such as ice pius seismic, could produce high

loadings. Investigation of these conditions was not done, and due to the

dynamic character of the ice, it is not considered as likely to be a

critical case as in other Arctic areas.
Auxiliary Systems
Cargo Transfer and Resupply

During the winter months, the structure may be surrounded by a rubble pile
of significant areal extent. Resupply of the platform during the winter
months will require careful evaluation and is a critical consideration in
terms of confidence in any development plan. The platform can be resup-
piied during the summer months with conventional supply boats anchored
close to the structure and off-loaded by structure cranes or stiff legs.
During the winter months, howevér, supply boats may not be feasible and

some kind of rough terrain vehicle may be needed to resupply the structure.

Boat landings for summer months would be desirable to facilitate crew and
cargo transfers; however, they must be removable for winter operations to
avoid significant damage from the rubble pile accumulations. Perhaps a

suspended boat landing similar to those used in the Santa Barbara Channel
is possible. Because the p1atform legs are armored at the water surface,

barge bumpers will probably be unnecessary.
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4.2.6.4

Pipeline Risers

Moderate size pipeline risers may be installed through J-tubes incor-
porated into the large diameter legs, and exiting the structure beneath
mudline. Similar types of J-tubes were incorporated in the Shell Middle
Ground Shoal platforms in the Lower Cook Inlet. The J-tubes shquid be
Tocated in the rear legs to avoid any possible interference with the well

conductors.
Disposal and Pump Casing

Disposal and pump casing also must be incorporated in some protected
environment, such as internal to the main platform legs with disposal

through a "J" tube near the mudline.
Corrosion Protection

The cathodic protection system must be designed to ensure long term
servicability. Typical sacrificial anodes are not thought to be practical
because of their exposed position during the winter months and the associ-
ated damage from the rubble pile. Some type of Tow profile impressed
current system is possible, although currently available systems may

be susceptible to significant ice damage.

Consideration may even be given to eliminating cathodic protection and
instead relying on epoxy coatiﬂg and a “"corrosion allowance® of steel

plate thickness. For example, the dense epoxy developed by Warsilla
Shipyards in Sweden or the dense polyurethane used on the USGS icebreakers>

may be more Suitable than cathodic protection.
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Diver and Emergency Egress _)
In the Shell Middle Ground Shoal platforms, diver access tubes and hatches
were provided for under-ice access for divers. This is thought to be
a reasonable solution for this type of structure, due to the large
diameter legs.
Emergency egress for the winter months must be carefully planned and
perhaps some egress system internal to the main platform legs, is pos-
sible. Typical external stairways down to the water line may be imprac-
tical for this location.
, //-\x.‘
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4.3.1

4.3.1.1

St. George Basin

Base Case
Design Conditions

Base case conditions for the St. George Basin are 450 feet of water,
300,000 barrel per day production, medium clay soil, and the environmental
conditions listed under "design basis" in Table 4-1. To produce 300,000
barrels of o0il per day, a total payload of 45,900 tons is estimated. To
accommodate the 48 wells assumed for 300,000 BPD production, the drill
Tegs are 24 feet in diameter, providing a minimum well spacing of approxi-
mately 3-1/2 feet center to center if the wells are arranged in two

concentric circles.
Results of Analyses

Analytical Model

A rough finite element model of the 4 plus 4 template was developed using
program INTRA-WACS. Figure 4-4 is a sketch of the model. Main jacket
legs and most major braces are explicitly represented by beam-column or
truss elements having distributed wave loading capabi]ity, but simplified
modeling is utilized for the decks, the horizontal inter-frame braces,

the lower bay of the jacket and the foundation.

Beam-column elements at elevation +65 feet represent the weight and
bending and axial stiffness of the deck support girders along rows 2, 3,
A and B; and a stiff 2-D plane stress element represents the in-plane

stiffness of the deck equipment module floors. The 91,800 kip payload is

4-13



divided equally among the fdur legs. Bending moments are applied at the
tops of the legs to account from some unbalanced bending moment from the
deck support girders. Lateral wind forces are applied at these same

nodes, along with vertical force coup]es equaling the overturning forces

due to wind.

Note that the skirt piles and associated framing in the lowest jacket bay
are not explicitly modeled. Thus the results only provide information on

the pile group forces associated with each main leg of the jacket.

Dummy piles have been sized to give the mudline stiffnesses listed for
medium stiffness soils (see Section 4.2.4), assuming a cluster of four 7.5
foot diameter piles at legs Al, A4, Bl, and B4 and one pile at legs A2,
A3, B2, and B3. It was subsequently recognized that one of the skirt
piles clustered at each corner would also participate in resisting loads
at legs A2, A3, B2 and B3. Thus, a more realistic distribution of stiff-
ness might have been 3.7 parts at legs Al, A4, Bl and B4 to 1.3 parts at
legs A2, A3, B2 and B3. The analyses were not rerun with revised founda-
tion stiffnesses because such changes would have little impact on con-
clusions. However, the participation of the skirt piles in resisting

interior leg loads has been recognized in choosing pile penetrations.
Results

Table 4-2 summarizes the global loads on the platform, listing mudline
shears, overturning moments, torsions and required pile group capacities
for various in-place load combinations. Generally, the most severe loads

were produced by design storm conditions; lateral shears for storm ranged

4-14



between approximately 11,000 and 13,000 kips, depending on the direction
of wave approach. Note that the 1istgd values in Table 4-2 are maxima
for any load directions that were considered. For exampie, the listed
X-shear for load combination 2 is aséociated with loading along the
X-axis, the Y-shear is associated with loading along the Y-axis, and the
required pile group Eapacities at corner legs Al and A4 are demanded by

storm Toads acting along the diagonal of the platform.

Additional insight to the platform response is offered by sketches showing
nominal element stresses for some of the more critical load combinations
and load directions (see Figures 4-5 through 4-14). These sketches show
axial stresses and maximum bending stresses at either member end, neglec-
ting joint cans. The member end forces were determined in analyses using
an earlier iteration on member sizes, but these forces were converted to
stresses using the final section properties shown in Drawing 102.
Therefore, the calculated internal force distribution is only accurate to
the order of approximately ten percent. This is felt to be adequate

accuracy for the purposes of this stydy.

The computed stresses are generally within permissibie limits, indicating
the feasibility of the proposed preliminary design. Remembering that
basic allowable stresses are permitted for operating conditions, a
one-third increase in stresses is permitted for design storm or ice, and a
seventy percent increase is permitted for strength seismic, one can note
the controlling load combinations for different portions of the platform.
The deck girders, interior legs, exterior legs above elevation -230', and
the vertical bracing in.the upper two bays on rows 2 and 3 are controlled

by load combination #1 (dead plus live plus buoyancy). Additionally
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load combination #1 controls the horizontal.braces at elevation -125' on %;)

rows A and B and the braces running from the interior legs at -30' to the
exterior legs at -125' on rows A and B, all of which act to transfer some
of the deck load to the exterior Tegs. The lower portions of the exterior
legs and most of the vertical bracing are controlled by storm loading
(combination #2). Hor%zontals are not.typicaily loaded heavily by
in-place conditions; they are controlled mostly by geometric limits or
transportation and launching stresses. ’They also provide alternate load
paths through the structure, helping provide the redundancy necessary for

successful performance during overloads, such as extreme earthquake.

 The struéfure's thirteen lowest natural vibration frequencies and mode

shapes were computed. Table 4-3 lists the periods and key characteris- T~
tics for each vibration mode, and Figures 4-15 through 4-19 show the ;>
deformed shapes for several modes. At 4.2 and 3.7 seconds, the struc-

ture's two fundamental lateral sway modes are in a frequency range where
significant wave energy is anticipated. Thus, fatigue will probably have

major influence on the design. Conversely, the fundamental periods are

beyond the range where significant seismic energy is concentrated; and the
resufts of a response spectrum analysis (Figure 4-20) indicate that

seismic stresses are not large enough to significantly influence the

design.

Note that the frequency analysis was based on a medium sand protile rather
than the clay profile which was chosen as the base case for St. George

Basin. This was done for conservatism. The sand profile is scmewhat

stiffer, and therefore should result in slightly lower periods and higher
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spectral ordinates than would the clay profile. It is estimated that the
clay soil profile would increase the fundamental sway periods by no more

than ten percent, and higher periods by even less.

Figures 4-21 and 4-22 indicate the stresses caused by load combination #5
(ice slam). Ice slam appears to be important for local design of the leg
shell, but, comparing against Figures 4-4 and 4-5, it is a relatively

minor perturbation on normal operating stresses.

Preliminary Design

Jacket

Member sizes and key features for the base case design for St. George
Basin are similar to those presented in Orawings 101 through 102. The
template is designed to be launched at sea from a barge; but the large
diameter drill legs seem to make it convertible to a self-floater. The
large diameter legs (drill legs and legs B2 and B3 above elevation -126')
are internally stiffened both axially and circumferentially, have internal
diaphragms with conductor penetrations at the horizontal framing levels,
and additionally have double wall sections with grout in the annuli from
elevations +20' to -30', to resist ice impact. Internal stiffeners are
designed to preclude Tocal buckling of the leg shells and resist full
hydrostatic pressure during upending. The backside legs, B2 and B3, are
large diameter at the two upper bays so‘that the stiffness of the moment
frames is balanced to preciude excessive torsion about a vertical axis.
Major gppurtenances on the template are mudmats with supporting knee

braces back to the legs, skirt pile guides with knee braces back to
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the legs to resist the dynamic weight of a skirt pile if it is not :)

stabbed accurately during installation, corrosion protection, and a deep
launch cradle tb make up the difference between the changing radii at the
launch legs. Alternatively, eccentric leg axes could be employed at the
launch 1egs; Fifteen~foot leg extensions are provided at the base of the

jacket fo give additional support during touchdown.
Decks

Massive deck girders are required to support.the'heavy deck loads and
complete the moment frames at the top of the platform. Drawing 104 shows
a suggested layout and possible girder details. The equipment modules can

be supported primarily by the box girders on rows 2 and 3. The inside

”

edges of the modules are supported by a middle girder which is in turn
supported by transverse box girders. For the suggested girder sections,
it was calculated that the maximum deflections on rows 2 and 3 will be
less than 1.25 inches under full deck load, and the maximum deflection at
the middle girder will be approximately 5 inches under full deck load,
including the def}ection of its supporting transverse girders. These
deflections should not pose serious problems, if properly handled in the

module designs.

The proposed deck support structure is too heavy to be Tifted in a single

piece by any available derrick barge. Two options are available:

(1) fabricate the deck support frame in two pieces which can be set

separately at the site and then connected structurally, or (2) integrate AT
the deck support frame with the jacket, such that they are fabricated, g;>

transported and instalied as a unit.
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The first option is complicated by the fact that the deck is supported by
only four legs. Thus, temporary shoring or moment-resisting stabbing
guides are needed for stability if thé deck support structure is to be set
segmentaﬁ]y. Elevation E1 on Drawing 104 suggests a possible shoring
scheme. One half of the deck support structure could be outfitted with
temporary braces and two temporary legs which wouid mate with temporary
jacket columns. The other half of the deck suhport structure could be
slung at an angle so that first its two legs would stab the jacket and
then the ends of its girders would roll down onto seats in the girders
above the temporary columns. The box girders would then be spliced
together, and the temporary braces cut loose and removed. This scheme

requires extensive field welding and careful attention to fit-up problems.

The second option, an 1ntegrated deck substructure and Jjacket structure,
also poses some problems. The cantilever portions of the girders on one
ﬁide of the platform could not be installed until after loadout, and
during tow they would drag in the water. Additionally, the massive deck
support girders would be the first elements to enter the water during
launch, tending to slow the jacket and to keep the dive angle shallow,
whiéh could hinder clean separation. An integrated deck support structure
would eliminate the ﬁeed for a temporary pile guide deck during pile
installation, but would neceésitate the use df shorter pile sections
because the pile add-ons would be made at a higher elevation. The cost

estimate and schedule are based on the integrated approach.
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Foundation

The foundation proposed for the base case in the St. George Basin com-
prises six main piles and twelve skirt piles, all 90 inches in diameter.
Additionally, the well drive pipes are assumed to function as piles at

legs A2 and A3.

The skirt piles are clustered three around each corner leg and slightly
interior to the column rows. Each skirt pile is spaced at least 20 feet
(2.67 pile diameters) from neighboring piles so that pile capacities will
not be reduced excessively by group effects. Since the inner legs (rows

2 and 3) are spaced widely to promote ice clearing and tow stability, the
skirt piles on rows A and B fall almost midway between a corner leg and an
inner leg. Thus, these piles carry loads from both the inner and outer
legs. The skirt piles along rows 1 and 4 only carry loads from rows 1

and 4,

The following pile penetrations are'estimated for medium clay soil.

Piles Al and A4 390 feet (19400k)
Piles Bl and B4 300 feet (10000k)
Piles B2 and B3 340 feet (14300k)
Skirt Piles 330 feet (13200k)

These penetrations are based on the design basis pile capacity curves from
Figure 4-3 and assume 85 percent efficiency for the pile clusters at each
corner of the platform. The fesistance of the three skirt piles at each
corner cluster is assumed to be devoted 2.7 parts to loading from the

corner legs and 0.3 parts to loading from the inner legs. The total
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installed pile height, including above-mudline heighf in the jacket legs
and skirt pile sleeves, is estimated to be 10,300 feet. A minimum wall

thickness of 1.5 inches is assumed for drivability.
Material Estimation

Tables 4-4 and 4-5 show the material estimates for the jacket, deck
support structure and piling. The 17400 ton Jacket consists of 6000 tons
of steel in the legs, 5600 tons of steel in other primary structural
elements and braces, 1000 tons for mudmats, 2500 tons for other appur-
tenances, and a 20 percent allowance (2300 tons) for secondary braces,
thickening at joint cans, miscellaneous stiffeners and mill tolerance.
Total piling weight, 9030 tons, is estimated as the product of nominail
pile weight pe% foot times installed pile height plus 20 percent extra to
account for thick wall sections near the mudline, pile stabbing guides and
cut-off allowances, plus 260 tons for a follower for driving the skirt
piles. Table 4-5 also lists the estimated weight for the deck support
structure. The listed weights do not include structural steel in the deck
equipment modules. The weight of module structural steel is included in

the 45900 ton payload.

Construction Planning

Fabrication

There are several fabricators on the West Coast of the United States or in
Japan who can accomplish the proposed design (see Table 4-6). The large
diameter drill legs present some fabrication problems. They are too large

to be fabricated from a single circumferential plate and will require a
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minimum of two 1ongitudina1‘we1d seams. Additionally, the roll-ups r )
involving the drill legs will be very heavy--approximately 6.5 tons per

foot or 3200 tons total for rows 2 or 3. Téus, single piece roll-up will
probably not be possible for rows 2 and 3. These difficulties could

result in somewhat higher unit prices than normal, and are reflected in

the cost estimates.

Transportation

There are five launch barges worldwide which can accommodate the proposed
jacket. It is estimated that such barges require a draft of approximately
25 to 30 feet for end loadout. If the deck support sffucture is built
integrally with the jacket, the deck box girders must dverhang aft

of the barge, and additional time will be required after loadout to
install cantilever portions of the box girders which will drag in the
water. This extra effort during loadout is compensated by benefits during
insta11atién at the site: an integrated deck structure eliminates the
need for a temporary pile guide deck and it may reduce the derrick barge

time at the site because deck structure need not be set.

The tow distance is approximately 2500 statute miles from either San
Francisco Bay or from Japan. Using two 9000 horsepower tugs to provide a
tow rate of approximately 2.5 knots, the tow could be completed in approxi-

mately 36 days.

Material barges will be required for the piling, conductors and deck -
substructures. One 100' x 400' barge should suffice for the piling and | |

conductors. An additional barge will be required if the deck structure is g‘¢>
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not fabricated integrally with the jacket. Each barge will demand one

9000 horsepower tug and can travel at;a rate of approximately 8 knots.

Installation

The jacket will be launched top first without need for any auxiliary
buoyancy. The feasibility of launching with the deck support structure in

place has not been confirmed.

Major equipment requirements for installation include:

One semi-submersible derrick barge with a 2000 ton revolving

Crane.

- A pile hammer (and back-up) with a rated energy in excess of

1,000,000 foot-pounds.

- Grouting equipment and supplies for the Jjacket legs and the skirt

pile sleeves.

- Monitoring and control equipment for remote control ballasting

during upending, stabbing skirt piles, et cetera.
- Diving spread.

- RCV spread.
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4.3.2

4.3.2.1

Sensitivities to Variations'in Environmental and Operationa]{Parémeters
Water Depth Variation

The sensitivity of the base case St. George Basin design to changing water
depth has been evaluated by extrapolating the analytical results for‘the
base case. Table 4-7 1ists the estimated forces for two of the most
influential load case combinations (combination 1 = dead plus live plus
buoyancy and combination 2 = storm) at the design water depth of 450 feet
and at upper and lower water depths of 600 and 300 feet. It is antici-
pated that lateral base shears and total vertical reactions will change
very little for changing water depths. Lateral shears are dominated by
wave forces, and the preponderance of wave force is in the near surface
water. The other components to lateral storm shear are wind and current.
Wind force does not change with water depth, but current force does

change because the projected area of the structure that is exposed to
current changes. Total vertical force will change slightly due to the
changing submerged weight of a taller or shorter jacket. This change is
small proportionally because the total vertical force is so highly domi-
nated by deck payload. Of course, base overturning moment and corner pile
group forces are highly dependent on water depth. Nearly a 50 percent
increase or decrease in overturning is extrapolated for the upper and

Jower water depths. Approximately a 20 percent change in corner pile

forces is calculated.

The proposed base case design;is suitable for changing water depths from
300 to 600 feet. The design can be modified by adding or subtracting

one vertical bay, stretching or compressing the distance between horizontal
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4.3.2.2

framing levels, and adjusting pile penetrations. It is assumed that the

dimensions at the top of the jacket and the leg batters remain constant;
therefore the base of the jacket is sfight1y bigger or smaller in plan for
different water depths. In almost all other aspects, including member
sizes, the structure remains highly similar to the proposed base case
design. Fatigue is expected to become more of a probiem in deeper water
(due to a more flexible structure); therefore, the jacket contingency is

increased from 20 to 30 percent.

Table 4-8 summarizes the estimated structural weight for three water
depths that have been studied. Total structure weight ranges from
24,370 to 36,470 tons, 17 percent less and 24 pertent greater, respec-
tively, than the base case design. The variation in Jjacket weight is

minus 21 percent or plus 33 percent.

The construction equipment necessary for the upper and lower water depths

could be virtually identical to that described for the base case.
Production Rate Variation

A reduced production rate of 100,000 barrels of oil per day has been
studied to evaluate the influence of reductions in deck payload and numbef
of wells. It is estimated that 100,000 BPD productioh can be achieved
wifh a total deck payload of 31,550 and 30 well conductors, compared to
45,900 tons and 48 conductors for the 300,000 BPD base case.

Table 4-9 presents the mudline reactions and required pile capacities

for a 4 plus 4 template producing 100,000 BPD in 450 feet of water in
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St. George Basin. The results for load combination #1 are from computer

analysis; results for other load combinations are extrapolated.

The structure for 100,000 BPD production experiences substantially less
vertical load and less pile load than the base case--approximately 25
percent less; this is primarily due to the reduced deck payload. The
structure also experiencés somewhat reduced lateral shears. Since only 30
wells are planned, the diameter of the drill legs can be reduced from 24
to 15 feet and still maintain a minimum spacing of roughly 3.5 feet
between wells. This'reduces the projected area loaded by waves, current

and ice.

The major changes in the base case structure permitted by a reduction to

100,000 BPD production are: ' ’ ;)
- Reduction of the diameter of the drill legs from 24 to 15 feet.

- Minor reductions in the size of deck girders, jacket vertical

bracing and mudmats.

- Reduction in the required penetrations of the piles into the soil.
A preliminary design based on the medium clay soil profile has
penetrations of 300 feet for the skirt piles, 350 feet for main
piles Al and A4, 275 feet for main piles Bl and B4, and 300 feet

for main piles B2 and B3.

The estimated structure weight is 15,500 tons for the jacket (Table
. . N

4-10), 8560 tons for the piliﬁg, and 2430 tons for the deck support

structure (Table 4-11). This is a 10 percent reduction from the total
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weight of the base case structure. Construction planning for the lower

production rate structure would be similar to that for the base case.

A primary sensitivity to number of wells is the 1imit on total wells to
about 48 as discussed in Section 3. This implies more than one structure

for a larger number of wells.
4.3.2.3 Variation in Environmental Load

Table 4-1 lists assumed upper and lower bound environmenta) loading
conditions. The assumed range in seismic loading is well below the point
of becoming a significant influence on the structural design. Likewise,
the range in ice slam pressures does not indicate strong influence on the
fﬂﬂmﬁ global design, although(ﬁce slam is of course important for the local

' | design of the armored leg sections which penetrate the water surface.
Loading from a rafted ice flow could match the influence of storm loads on
the structure if it approaches its upper bound value (approximately 11000
kips lateral shear for load cohbination 5) while the design storm decreases
to its lower bound value. Stil1l, the environmental loading likely to have
strongest influence on the structural design appears to be waves, both
design storm and long-term fatigue. A supplemental computer run was made
to calculate the response of the base case design to the upper bound wind,
wave and current actiﬁg in tﬁe plus X directfon. The gross maximum
mudline feactions from load combination 2 with upper bound wind, wave and

current were:

X shear 13,500 kips
Y shear 352 kips
Vertical 108,100 kips
4-27
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X moment 198,400 kip;feet : ; )
Y moment 4,490,000 kip-feet
Torsion 127,000 kip-feet

The calculated range in loads from lower to upper bound storm conditions
suggests very minor variations in structure weight,Area11y too small to be

perceivable at the level of this study.

A more important variation is the possibility df a rafted ice floe bridging .
between the legs and loading the entire cross section piercing the water
surface. If the proposed structure is to remain feasible, it should be
confirmed %n final design that this will not occur. Should it be con-
cluded that bridging ice can occur, fhe structure will need to be stouter.

AN

The base case design for the Navarin Basin is controlled by bridging ice u)

and indicates the kinds of strengthening that could be required.
4.3.2.4 Variation in Soils

Two types of variations in soils have been considered. First, both clayey
and sandy soils are considered. Second, for each soil type a range of
soil shear strength profiles is considered. These ranges are indicated by

Figures 4-1 and 4-2.

The operating and storm loads which control the base case design for

St. George Basin are eésentially independent of foundation properties.

Thus it is appropriate to use the required pile group capacities from

Table 4-2 to design pile penetrations for different soil types and T
stiffnesses. Estimates of total installed pile length for various soil o

profiles are as follows:
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Lower Design Upper

Bound Basis Bound
Clay 11800 10300 9000 feet
Sand | 6300 6100 5900 feet

The only change in the material estimation for the base case due to
changing soil conditions is in the piling. Table 4-12 presents weight

estimates for the structure in various soils.
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4,4 Navarin Basin | | o | D,
4.4,1 Base Case
4,4,1.1 Design Conditions

Base case conditions for the Navarin Basin are 450 feet of water, 300,000
barrel per day production, medium clay soil, and tﬁe environmental condi-
tions listed under "design basis" in Table 4-13. Agaiﬁ, 45,900 tons of
payload are assumed and two 24-foot diameter drill legs are provided to

contain 48 wells.
4,4,1.2 Results of Analyses

The same model described for the St. George Basin (Figure 4-4) has been N
used to analyze the structural response to conditions at the Navarin w>
Basin. Ice loads become dominant at the Navarin Basin because ice floes

are assumed to span the entire projection of the structure. Figure 4-14
summarizes thé gross forces and required pile group capacities for five

key load case combinations that have been considered. Clearly, the rafted

ice floe loading in combination #4 is dominant, particularly for the

foundation. The gross lateral shears for this combination are approxi-

mately 14 percent greater than the worst loading (storm) at the St. George

Basin, and overturning moments are roughly 5C percent greater.

Figures 4-23 through 4-28 show nominal member stresses for load combina-

tion #4 with the design ice floe and wind acting diagonally across the
. A~

7.
~

platform. Stresses under ver%ica! operating loads are similar to those
shown in Figures 4-5 through 4-8. Comparing these two sets of figures, o

one can note that load combination #4 controls the size of virtually alil
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4.4.1.3

members except the inner legs between elevations (-)30' to (-)125' and

some of the horizontal braces.

Structure Hynamic characteristics are expected to be very similar to those
described for the St. George base case structure. Relatively long natural

vibration periods will demand careful design of the joints to avoid

fatigue damage. Seismicity in the Navarin Basin is even less than that in.

the St. George Basin and has no major influence on the design.
Preliminary Design

Jacket and Deck

The jacket and deck structure for the base case in the Navarin Basin are
very similar to those for the St. George Basin, but with somewhat heavier
sections in some of the vertical bracing and legs. Drawings 101 through

104 indicate a preliminary design for the Navarin Basin.

Foundation

Due to the greater overturning moments, the base of the jacket and pile
foundation must be stronger than those proposed for the St. George Basin.
The same pile layout and pile diameters as used at St. George are proposed
for Navarin, i.e., six main piles and twelve skirt piles clustered three
around each corner leg. Then for the same medium clay soil profile,

greater pile penetrations are estimated:

Piles Al and A4 430" (25,500 k)
Piles Bl and A4 - 355' (15,900 k)
Piles B2 and B3 360" (16,40-0 k)
Skirt Piles _ 380" (18,800 k)
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4.4.1.4

4.4,1.5

Again, these penetrations are based on the pile capacity curves from _}j
Figure 4-3 and assume 85 percent efficiency for the corner pile groups.
The total installed pile length is estimated to be 11,150 feet, and a

minimum wall thickness of 1.75 inches is assumed.
Material Estimation'

Tables 4-15 and 4-16 show material estimates for the jacket, deck support
structure and piling for the base case design in the Navarin Basin. At
18,000 tons, the jacket is only slightly heavier than that proposed for St.
George; the increase is concentrated in the vertical bracing and shells
of the legs. The deck support structure for the Navarin Basin is the same
as that for St. George, the piling is 25 percent heavier due to increased

7N

penetrations and greater wall thickness. Total pile weight is 11,270 ;

tons.
Construction Planning

The base case structure for the Navarin Basin can be installed using
equipment and procedures similar to those discussed for St. George Basin
(see Section 4.3.1.5). The tow distances are approximately 2500 statute
miles from Japan or 2900 miles from San Francisco Bay. Using two 9000
horsepower tugs at a speed of approximately 2.5 knots results in tow
durations of 36 and 42 days from Japan or Sah Francisco Bay, respectively.
The deep pile penetrations will probably demand a hammer wich a rated

energy of roughly 1,500,000 foot-pounds.
: TN
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4.4.2.1

4.4.2.2

Sensitivities to Variations inkEnvironmenta] and Operational Parameters
Water Depth Variation

Load combination #4 (dead plus Tive Plus buoyancy plus rafted ice plus
wind) is expected to control the platform design for water depths in the
range of 300 to 600 feet. These loads are nearly independent of water
depth, except for small changes in vertical loading due to a shorter or
taller jacket. Of course; pile loads decrease or increase with base

overturning moment, which varies Tinearly with water depth.

Table 4-17 shows the estimated platform weights for three different water
depths. The total estimated weights are 26,790, 32,250, and 42,860 tons
for water depths of 300, 450, and 600 feet respectively. The deck support
structure can be the same for all three structures.‘ The jaéket‘fof 300
feet of water is similar to the base case but with one fewer horizontal
framing level, and with somewhat shallower pile penetrations. A different
pile layout is proposed for the 600! water depth structure in order to
avoid excessively Tong pile penetrations. Figure 4-29 suggests a possible
foundation layout utilizing six main piles and eighteen skirt piles. 1In
addition to adding steel weight for a taller structure and greater over-
turning moments, this foundation scheme adds steel weight due to more pile

sleeves and interconnecting framing.
Production Rate Variation

Table 4-18 presents the g%oss platform forces and required pile group
capacities for various load case combinations on a 4 plus 4 template for

100,000 barrel pef day production in the Navarin Basin. The deck payload
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is assumed to be 31,550 tons, and 30 wells are assumed to be contained in h)

two 15-foot diameter legs. Load combination #4 remains dominant, with the
same lateral shears and overturning moments as the base case but with

somewhat reduced vertical loads due to the reduced payload. The base case
1ateral shears due to ice are unaffected because the entire projection of

the structure at the water surface is loaded, not just the legs.

Tables 4-19 and 4-20 summarize the estimated structure weight for 100,000
BPD production. At 16,100 tons, the jacket is approximately 11 percent |
lighter than the 300,000 BPD base case. The total weight of jacket,
piling and deck support structure is 29,590 tons; this is 8 percent lighter

than the base case.

. RN

4.4.2.3 Variation in Environmental Loads ™
e

Table 4-13 indicates a range for environmental conditions in the Navarin

Basin. Since the load case combination involving rafted ice loading

controls the base case design, this sensitivity study has focused on

variations in rafted ice.

Assuming that the structural responses to ice and wind vary linearly with

jce load, upper and lower bound response can be estimated from the base

case results by proportioning the difference in response for load combina-

tions #4 and #1. Table 4-21 shows the estimated values.

Rough estimates of platform weight for varying ice loading conditions in

the Navarin Basin are presentéd in Table 4-22. For the upper bound AT

loads, the required pile group capacities are believed too large to be

accommodated in medium dense clays by the foundation layout proposed for
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the base case. A layout utilizing 6 main piles and 18 ékirt piles,
similar to that shown in Figure 4-29,:is belijeved to be more feasible.
The estimated structure weight for upber bound ice is based on such a
foundation layout. The variation in fota? structure weight is minus 3
percent for Tower bound ice loading and plus 18 percent for upper bound,

relative to the base case.
4.4.2.4 Variation in Soils

The magnitudes of the loads which control the platform design in the
Navarin Basin do not vary significantly with soil type. Therefore, the
base case designs for the deck support structure and jacket are applicable
in different soils. Of cﬁurse the range of application is limited to the

-5{{'\? feasible range for the chosen foundation layout.

For the loads given in Table 4-14 and the base case foundation layout of
6 main piles and 12 skirt piles, the estimated installed pile lengths

required for the various soil profiles are:

Lower Design Upper
Clay 13300 11150 10000

Sand | 6700 6500 6300

The above estimates demand some large individual pile capacities and deep
penetrations. It will be important to confirm their feasibility with

drivability analyses.
fﬂjﬁ? Table 4-23 shows estimated structure weights for various soils in the
L Navarin Basin.
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4.5

4.5.1

4.5.1.1

4.5.1.2

North Aleutian Shelf L | | )
Base Case
Design Conditions

For the North Aleutian area, the base case conditions are 300 feet of
water and a production rate of 300,000 barrels of 611 per day. The latter
requirement is presumed to demand a deck payload of 45,900 tons and 48
well conductors (see Sections 2.3.2 and 2.7). These wells can be accom-
modated inside two 24-foot diameter legs if they are arranged in two
concentric circles with a circumferential spacing of approximately 3.5
feet center-to-center. The environmental conditions for the North Aleu-

tian Shelf are listed in Table 4-24. TN
Results of Analyses

A limited number of structural analyses have been performed using a finite
element computer model. This model is similar to the one described for
the St. George Basin (in Section 4.3.1.2), but has one fewer horizontal
framing level and is 150 feet shorter. The lateral dimensions at the top
of the jacket and the leg batters are the same, so for a shorter structure
the base dimensions do not spread to as great an extent. The foundation

modeling is the same as for St. George Basin.

Calculated or extrapolated loads for five key in-place load case combina-
tions are given in Table 4-25. Results for the first three load combina-
tions are directly from computer analyses; results for load combinations 4

and 5 are extrapolated from previous analysis for the deeper water at
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St. George Basin. Lateral shears due to wind are extrapolated by assuming
they vary as the square of the ratio of design wind velocities, and shears

due to ice vary as the ratio of design ice pressures.

Storm conditions induced the greatest lateral shears, followed by rafted
ice plus wind and then strength requirement earthquake. Figure 4-30 shows
the assumed design spectrum for earthquake. With a peak ground accelera-
tion of 0.24g, the North Aleutian area has the highest seismicity of the
three study areas. Even so, calculated earthquake forces do not appear
significant for the proposed design. Figures 4-31 through 4-37 show
nominal member stresses for load combinations 1, 2 and 3. Stresses
induced by earthquake, gravity and buoyancy, which are permitted to reach
1.7 times the basic allowable stresses in API RP 2A, are observed to be
less critical than storm, rafted ice or normal gravity stresses. The
vertical bracing and corner piles are controlled mainly by load combina-
tions 2 and 4, storm and rafted ice. Jacket legs and interior piles are
controlled primarily by maximum gravity and buoyant loads. One can note

that the stresses are within the range of feasibility.

Earthquake loads were computed in a response spectrum analysis. The first
step in such an analysis is calculation of the structure's natural vibra-
tion frequencies and mode shapes. Table 4-26 lists the structure's
thirteen lowest frequencies and briefly describes the primary characteris-
tics of response. The calculated periods are not as long as those for the
deeper base case water depth at St. George and Navarin éasins, and thus
the North Aleutian structure will probably be lesé susceptible to wave-
induced fatigue damage. However, API RP 2A does recommend a fatigue

analysis for structures with a fundamental period exceeding 3 seconds.




)
. / “\\
With a fundamental period of 3.2 seconds and the harsh wave climate ﬂ}

anticipated for this area, it is likely that some joints in this structure
will need strengthening to avoid low fatigue Tives. Direct analysis of
this is beyond the scope of this prOJect but the material estimate alTows

some cont1ngency for fatigue strengthening.
4,5.1.3 Preliminary Design

The proposed preliminary design for the North Aleutian jacket is indicated
by Drawing 105. Horizontal framing is similar to that shown 1in Drawing
103. The deck support structure is the same as that for the St. George

and Navarin Basins, and is shown in Drawing 104.

Due to the shallower water depth and the presence of sandy rather than S
clayey soils, the pile penetrations required for the base case design are -
substantially less than those needed at St. George or Navarin Basins.

U§ing a pile layout of si* main pj1es and twelve skirt piles clustered

three around each corner leg, the loads in Figure 4-49 require the fol-

lowing pile penetrations in "medium" density sand:

Piles Al and A4 105 feet (14,200 k)
Piles Bl and B4 70 feet (7,100 k)

Piles B2 and B3 110 feet (15,000 k)
Skirt Piles 85 feet (10,000 k)

4,5.1.4 Material Estimation

. TN
Tables 4-27 and 4-28 1ist steel tonnage for the various components of the

‘proposed platform. The jacket weight is 13,500 tons. Total structure

weight, exclusive of deck module steel, is 20,830 tons.
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.5.1.5

4.5.2

4.5.2.1

Construction Planning

Likely fabrication sites for the stru&ture are dJapan or the western coast
of the continental United States, particularly the San Francisco Bay Area.
Necessary installation equipment will be similar to that described in

Section 4.3.1.5,
Sensitivities to Variations in Environmental and Operational Parameters
Water Depth Variation

Table 4-29 shows the maximum loads and required pile capacities extra-
polated from the base case results. The listed values are maxima among
load case combinations 1, 2 or 4, the three load combinations which exert

significant influence on the base case design. Base overturning moment

and corner pile loads have substantial sensitivity to changes in water

depth; base lateral shear and gross vertical load have rather mild sen-

sitivity to changes in water depth.

Table 4-30 lists the estimated weight of steel template structures and
piling for three water depths. The estimate for the lower water depth,
200 feet, is based to a large degree on judgment. For this case, the 4
plus 4 template is probably not the most promising type of structure; a
tower type structure with supplemental skirt'piles may be a better can-
didate for water this shallow. The estimate for the structure in 200 feet
of water assumes a four-legged tower with three supplemental skirt piles
at each corner. The range in structure weights is 15,510 tons to 22,800
tons,’27 percent less and 8 percent greater respectively than the base
case design.
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4.5.2.2

4.5.2.3

Production Rate Variation . ,ﬁ)

Table 4-31 shows extrapolated loads and required pile group capacities

for a 4 plus 4 template suitable for a reduced production rate of 100,000
barrels pef day. It is assumed that this production rate demands a deck
load of 31550 tons and. two 15-foot diameter legs to contain 30 wells. The
listed 1oads.are extrapolated maxima}among load combinations 1, 2 or 4,

the three most influential load combinations. Lateral ice loads are

extrapolated from the base case results by ratioing by 15/24, the ratio of

10,000 BPD leg diameter to base case leg diameter. Storm loads are fac-
tored from the base case results by multiplying by (0.5 + 0.5%%)’

assuming roughly half the load comes from the large diameter Tegs.

The estimated weight of the jacket for 100000 BPD production on the North /\
Aleutian Shelf is 12,600 tons (see Table 4-32), and the deck support -
structure is estimated to weigh 2430 tons (see Figure 4-11). Pile

penetrations can be approximately 17 percent less than those for the base

case, yielding an estimated pile weight of 4120 tons. The total structure

weight is 19,150 tons, 8 percent less than the base case.
Variation in Environmental Loads

Both storm and rafted ice loading exert‘inf1uence on the base case design.
Thus, 1ndébendent variation in one of these parameters is not perceived
fully in the structural design because the other unchanging parameter
becomes relatively more domingnt and masks the influence of variations in
the first parameter. Table 4-24 shows the assumed range of environmental

loadings for the North Aleutian Shelf. The ranges in wave height, wind —
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4.5.2.4

speed, and current speed indicate that lateral shears for ioad combination
2 might vary on the order of ten percent. This variation implies modest
changes in the jacket vertical bracing, perhaps +5 percent in weight. The
greatest overturning moments are produced by rafted ice loading (1load
combination 4), so variations in storm loads do not require changes in

the piling and lower portions of the Tegs. The lower bound for rafted ice
loading, 55 ksi per foot of leg diameter, is 35 percent less than the
design basis. However, its influence on the structure is Timited because
overturning due to design basis storm is only fen to twenty percent less
than that for design basis ice. On the other hand, upper bound rafted ice
loading has unmitigated influence. The upper bound rafted ice Toading is
nearly 30 percent greater than the design basis and induces nearly 30
percent greater overturning. This demands roughly a fi?e percent increase
in the penetration of the corner pile groups, or an increase in total pile

weight from 4350 to 4410 tons.
Variation in Soils

Only sandy soils are expected on the North Aleutian Shelf. Figure 4-3
shows possible pile capacity curves for lower, design and upper bound sand
densities. The base case pile penetrations increase approximately 10
percent and decfease approximately 7 percent-for Jower and upper bound
soil densities, respectively. The estimated pile weights are 4490, 4350

and 4250 tons for lower, design basis, and upper bound soils, respectively.

4-41




4.6

Summary and Commentary

Preliminary designs of a 4 plus 4 steel template type offshore oil

drilling and production platform have been prepared for the St. George

Basin, Navarin Basin, and North Aleutian Shelf in the Southern Bering

Sea. The eight leg template is supported by six main piles and twelve

skirts piles.

two 24-foot diameter legs, where.they can be better protected from ice |

For base case conditions, 48 wells are contained inside

and waves. The vertical bracing and four corner legs rise only to

elevation -30 feet, so that the structure's profile is "elean" through

the ice zone to minimize ice jamming.

Box girders are used to support

the deck equipment modules and complete a moment frame at the top of

the structure. Drawings 101 through 105 indicate the proposed base

case designs.

It is concluded that the 4 plus 4 template is structurally feasible

for the St. George Basin, Navarin Basin, and North Aleutian Shelf.

Due to heavy payloads and the severe environment, the designs for each

basin are relatively heavy.

The following table summarizes the

estimated weights of jacket, pi]ing and deck support structure for a

base case design for each basin.

Water Depth

Jacket

Piling

Deck Support Structure

Total Weight
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St. George Navarin N. Aleutian
450 feet 450 feet 300 feet
17400 tons 18000 tons 13500 tons
- 9030 tons 11270 tons 4350 tons
2980 tons 2980 tons 2980 tons
29410 tons 32250 tons 20830 tons




Figure'4¥38ucomparés'the'éstimated jackét weight for each base case
design with some North Sea platforms.. High strength, ductile steels
(50 ksi yield strength and Charpy touéhness of 25 foot-pounds) are
proposed in order to help endure the cold and maintain good welda-
bility by generally Timiting wall thickness to about two inches. A
twenty to thirty percent allowance has been made for thick walls at
joint cans, mil} tolerance, weld metal, secondary braces and miscel-
laneous stiffeners; this relatively large contingency is appropriate
to accommodate designing the joints to resist fatigue and high
punching shears. Fatigue is a concern because the structures are
relatively flexible and a severe wave climate is anticipated; large
punching shear stresses are 1ikely because the Teg diameters are
large. Fatigue and punching shear analyses are beyond the scopé of

this study.

Fabrication will be complicated somewhat because the proposed special
steels demand careful welding procedures. Additionally, the large-
diameter legs, which are relatively heavy and have extensive circum-
ferential and longitudinal stiffeners, will be expensive to fabricate.
In other aspects, the proposed structures can be fabr{cated, trans-

ported and installed using reasonably conventional techniques.

The proposed configuration is generally suitable for plausible ranges

in water depth, production rate, environmental loads and foundation

~soils. Figures 4-39 through 4-41 and Table 4-33 show estimated structure

weight as a function of these four variables.- These figures are provided

to indicate the sensitivity of the structure to changing conditions, and
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are intended to ajd in devefoping bidding strategies for futqre 0
of fshore lease sales. The scope of this study is not sufficiently

detailed to permit exact estimates for each condition. Furthermore,

the 4 plus 4 template is undoubtedly not the optimum structural

solution for all sites in the Southern Berihg Sea. Thus, the esti-

mates are indicative of approximate we{ght and trends in weight

changes for varying conditions.
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STEEL WEIGHT (1000 ToNS)
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3. Tartan

4. Thistle A
5. Ninian

6. Frigg DP1
7. Frigg QP

8. Brent A

9. Murchison
10. Namorado II
11. Piper

14, Maui A

15, Auk A

16. Montrose A
17. Magnus

18. Lomond

19. Forties A
20. Forties FC

21. Frigg DP 4

22. North Rankin A
24. North Cormorant
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TABLE“4-27 Cont.

Units are KIPS or KIP-feet.

‘ = 1
Listed values are maxima B R AVU
or minima for loading in

X, Y or diagonal directions.

Reactions for storm and ice
loading are assumed virtually
independent of soil type.

Foundation safety factors were A = ~ 0 =
2.0 for operating conditions and &) &“\\\\\~i
1.5 for design storm or strength PRILL LEGS

requirement seismic.
Load cases are as follows:

= Dead load including dry deck equipment

= Live loads such as drilling consumables, hook load, etc.

= Jacket Buoyancy
= Hydrodynamic load due to design wave
(water depth includes surge and tide)
= Wind Load
= Hydrodynamic load due to current
(current and wave kinematics combined)
= Strength requirement seismic
= Rafted ice flow
= Local ice pressure on two legs due to ice slam

Extrapolated values are indicated by *.
Other values are from computer analysis.

Piles groups at Legs Al, A4, B1, and B4 each include
one main pile and three skirt piles.



TABLE 4-3

NATURAL PERIODS AND MODE SHAPES
450' Water Depth
300,000 Barrel per day case

MODE NO. PERIOD (sec) DESCRIPTION OF DOMINANT RESPONSE
1 4,239 First lateral Y-mode
2 3.676 First lateral X-mode
3 2.822 First torsional
4 1.162 Second lateral Y-mode
(inflection between E1 + 65' and
E1 - 30')
5 1.048 Second lateral X-mode (inf]ecti?n
: between E1 + 65' and E1 - 30'
ﬁfﬂ\\
o 6 .9061 Second torsional (inflection
between E1 + 65' and E1 - 30')
7 .8062 Complex + vertical distortion
8 .8025 Complex + third lateral X-mode
9 .6958 Vertical
10 .6425 : Third lateral Y-mode (inflections
between E1 + 65' and E1 - 30', and
at E1 - 230')
11 .5394 Third lateral X-mode (inflections between

E1 + 65' and E1 - 30', and between
E1l - 125' and E] - 230')

12 .5326 Combined X-bending and plan distortion
13 .4938 Combined torsional and X-bending
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TABLE 4-4

JACKET WEIGHT FOR ST. GEORGE BASIN
(BASE CASE = 450" WATER, 300000 BPD)

Legs (Below Elevation +20')

Shell 3600
Diaphragms and conductor guides 800
Stiffeners 1200
Inner Sleeves in double wall section 130
(+20' to -30')
Pile sleeves 170
6000
Vertfca] Bracing 2500
Skirt Pile Sleeves 1700
Horizontal Bracing 1400
Thickening at joint cans, mill tolerance 2300
secondary braces and stiffeners @ 20%
of above items
Mudmats ‘ 1000
Appurtenances
Launch cradle 900
J-tubes and Eisers, sumps : 140
Flooding and groufing syéteﬁs ) 100
Corrosion protection o 600
Stairs, boat landing, wa1kway§ 80
Escape pods ‘ 650
2500

Total jacket | 17400 tons




;gfnkx TABLE 4-5

PILING AND DECK SUPPORT STRUCTURE
WEIGHTS FOR ST. GEORGE BASIN
(BASE CASE = 450' WATER, 300000 BPD)

Piling (90 ¢ 1.5)

10300' x 0.71 ton/ft 7310
Thick Wall Sections and Stabbing Guides @ 20% 1460
Skirt Pile Follower | 260

9030 tons

Deck Support Structures

‘<ffm\ Box Girders : ' 2330
o Horizontal Bracing | 20
Legs (above elevation +20) 600
Temporary Supports _30
2980 tons
Temporary Pile Guide Deck (optional)
Box Girders _ 430
Main Leg Pile Guides ‘ 140
Other Pile Guides 90
Contingency @ 10% _70
730 tons

N
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j * TABLE 4-8

PLATFORM STRUCTURE WEIGHT FOR VARIOUS
WATER DEPTHS AT ST. GEORGE BASIN (300000 BPD)

300" W.D. 450" W.D. 600' W.D.
Jacket
Legs 4500 6000 7900
Vertical Bracing 1700 2500 3300
Skirt Pile Sieaves 1600 1700 1800
Horizontal Bracing 1200 1400 1600
Joint Cans, Secondaries @ 20% 1800 : 2300 4300
(30% for 600' Water)

Mudmats 800 1000 1300
'<f¢h“A Appurtenances _2100 _2500 _3000
- 13700 17400 23200

Piling (90 ¢ 1.5)
Nominal Length and Thickness 6280 7310 8270
Thick Walls and Guides 8 20% 1260 1460 1650
Skirt Pile Follower 150 __260 __370

7690 9030 10290 tons

Deck Support Structures ' 2980 2980 2980

|
|
|

Total : 24370 tons 29410 tons 36470 tons

)
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TABLE 4-10

JACKET WEIGHT FOR 100000 BPD PRODUCTION

AT ST. GEORGE BASIN (450' WATER)

Legs
Shelf
Diaphragms and conductor guides
Stiffeners

Inner Sleeves in double wall section
(+20' to -30")

Pile sleeves

Vertical Bracing
Skirt Pile Sleeves

'(f"m\‘ Horizontal Bracing

Thickening at joint cans, mill tolerance,
secondary braces and stiffeners @ 20%

Mudmats

Appurtenances
Launch cradle
J-tubes and risers, sumps
Flooding and grouting systems
Corrosion protection
Stairs, boat landing, WaTkways

Escape pods

Total jacket

3200
650
750
130
170

4900

2100

1700

1400

2000

900
900
140
100
600
80
650

2500

15500 tons



Piling (90 ¢ 1.5)

TABLE 4-11

PILING AND DECK SUPPORT STRUCTURE
WEIGHTS FOR 100000 BPD PRODUCTION
AT ST. GEORGE BASIN (450' WATER)

9740' x 0.71 ton/ft

Thick Wall Sections and Stabbing Guides @ 20%

Skirt Pile Follower

Deck Support Structures

Box Girders

Horizontal Bracing

Legs (above elevation +20)

Temporary Supports

Temporary Pile Guide Deck (optional)

Box Girders

Main Leg Pile Guides

Other Pile Guides

Contingency @ 10%

6920
1380
260

8560 tons

2000
20
380
30
2430 tons

430

140

%0
_70

730 tons
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TABLE 4-15

S JACKET WEIGHT FOR NAVARIN BASIN
’ (BASE CASE = 450 WATER, 300000 BPD)
Legs
Shell 3800
Diaphragms and conductor guides 300 |
Stiffeners 1200
Inner sleeves in double wall section 130
(+20' to -30')
‘Pile sleeves 170
6200
Vertical Bracing 2800
Skirt Pile Sleeves ' 1700
(iﬂr*N; Horizontal Bracing 1400
| Thickening at joint cans, mill tolerance 2400
‘secondary braces and stiffeners @ 20%
Mudmats 1000
Appurtenances
Launch cradle . 900
J-tubes and risers, sumps 140
Flooding and grouting systems 100
Corrosion protection 600
Stairs, boat 1anding,.wa1kways 80
Escape pods 650
2500
{ﬂT\%

' <i)x Total jacket . : 18000 tons
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TABLE 4-16

PILING AND DECK SUPPORT STRUCTURE WEIGHTS

FOR NAVARIN BASIN

(BASE CASE = 450' WATER, 300000 BPD)

Piling (90 4 1.75)

11150' x 0.82 ton/ft
Thick Wall Sections and Stabbing Guides @ 20%

Skirt Pile Follower

Deck Support Structures

Box Girders
Horizontal Bracing
Legs (above elevation +20)

Temporary Supports

Temporary Pile Guide Deck (optional)

Box Girders
Main Leg Pile Guides
Other Pile Guides

Contingency @ 10%

gl40
1830 -
300

11270 tohs

2330
20
600
30
2980 tons

- 430

140

90
_70

730 tons



TABLE 4-17

PLATFORM STRUCTURE WEIGHT FOR VARIOUS

WATER DEPTHS AT NAVARIN.BASIN (300000 BPD)

Jacket
Legs
Vertical Bracing
Skirt Pile Sleaves
Horizontal Bracing

Joint Cans, Secondaries @ 20%
(26% for 600' Water)

Mudmats

Appurtenances

Piling (90 ¢ 1.75)

Nominal Length and Thickness
Thick Walls and Guides @ 20%
Skirt Pile Follower

Deck Support Structures

Total

300" W.D. 450' W.D. 600' W.D.
4600 6200 8200
1900 2800 3800
1600 1700 2600
1200 1400 1700
1900 2400 4300
800 1000 1400
1900 - 2500 3000
13900 18000 25000
8120 9140 12040
1620 1830 2410
170 300 430
9910 11270 14880 tons
2980 2980 2980
26790 tons 32250 tons 42860 tons
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£ -
NP JACKET WEIGHT FOR 100000 BPD PRODUCTION
AT ST. GEORGE BASIN (450' WATER)

Legs
Shell 3300
Diaphragms and conductor guides 650
Stiffeners 750
Inner Sleeves in double wall section 130
(+20' to -30') '
Pile sleeves ‘ 170
5000
Vertical Bracing 2500
Skirt Pile Sleeves 1700
.<foN\ Horizontal Bracing | 1400
Thickening at joint cans, mill tolerance, 2100
secondary braces and stiffeners @ 20%
Mudmats 900
Appurtenances
Launch cradle 300
J-tubes and risers, sumps 140
Flooding and grouting systems 100
Corrosion protection 600
Stairs, boat landing,.walkways 86
Escape pods 650
2500

Total jaéket ' _ 16100 tons




e TABLE 4-20

PILING AND DECK SUPPORT STRUCTURE WEIGHTS
FOR 100000 BPD IN-NAVARIN BASIN
(450" WATER)

Piling (90 ¢ 1.75)

10940' x 0.82 ton/ft 8970

Thick Wall Sections and Stabbing Guides @ 20% 1790
Skirt Pile Follower 300
11060 tons

Deck Support Structures

'<ff—\7 Box Girders 2000
| Horizontal Bracing 20
Legs (above elevation +20) 380

Temporary Supports

30

2430 tons




TABLE 4-21

BASE (MUDLINE) SHEARS, OVERTURNING MOMENTS AND REQUIRED
PILE GROUP CAPACITIES FOR LOAD.COMBINATION 4 WITH LOWER,
DESIGN AND UPPER BOUND RAFTED ICE LOADING
(NAVARIN BASIN, 300000 BPD, 450 WATER)

(SEE NOTES ON TABLE 4-2)

LOWER ~ DESIGN

UPPER

X-shear (kips) 9900. 14290, 17400.

Y-shear (kips) 10000. 14310. 17400,

Vertical force (kips) 107800, 108000. 108100.

Moment about X-axis (kip-feet) 4370000,  6280000. 7650000.

v Cfﬂ“\h Moment about Y-axis (kip-feet) 4510000. 6480000, 7890000.
| Torsion (kip-feet) 29000. 42300. 51000.
Required Pile Capacity Al & A4 (kips) 58000. 69000. 77000.
Required Pile Capacity Bl & A4 (kips) 47000. 59000. 67000.
Required Pile Capacity A2 & A3 (kips) 26000. 30000. 33000.
Required Pile Capacity B2 & A3 (kips) 19000. 22000; 24000.
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TABLE 4-22

PLATFORM STRUCTURE WEIGHT FOR VARIATION
IN ICE LOADS AT NAVARIN BASIN
(450' WATER, 300000 BPD)

Jacket
Legs
Vertical Bracing
Skirt Pile Sleaves
Horizontal Bracing
Joint Cans, Secondaries @ 20%
Mudmats

Appurtenances

Piling (90 ¢ 1.75)

Nominal Length and Thickness

Thick Walls and Guides @ 20%

Skirt Pile Follower

Deck Support Structures

Totul

D. 600" W.

300" W.D.  450° W. D.
6000 6200 6300
2500 2800 3200
1700 1700 2700
1400 1400 2600
2300 2400 3000
1000 ° 1000 1200
2500 2500 2500
17400 18000 21500
8800 9140 11000
1760 1830 2200
300 300 300
10860 11270 13500 tons
2980 2980 2980
31240 tons 32250 tons 37980 tons

|
l
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NATURAL PERIODS AND MODE SHAPES

300" Water Depth

300,000 Barrel per day case

MODE NO.

W

10

11
12
13-

- PERIOD (sec)

3.262
2.783
2.510
.8816

.8721

.8313

.7907

.7367
.5641
.4910

.4632
.4613
.4212

TABLE 4-26

DESCRIPTION OF DOMINANT RESPONSE

First Tatéral Y-mode

First Tateral X-mode

First torsional

Complex + second lateral X-mode
(inflection between E1 +65' and
E1 -30")

Complex + second lateral Y-mode
(inflection between E1 +65' and
E1 -30')

Complex + combined Y bending
and plan distortion,

Complex + second torsional
(inflection between E1 +65'
and E1 -30')

Combined X-bending and torsional
Vertical

Racking + third lateral Y-mode
(inflection between E1 +65°
and E1 -30', and between E1 -125'
and E1 -230')

Complex

Complex + racking

Complex + plan distortion
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TABLE 4-27

JACKET WEIGHT FOR NORTH ALEUTIAN SHELF
(BASE CASE = 300' WATER, 300000 BPD)

Legs (Below Elevation +20')

Shell 2700
Diaphragms and conductor guides 640
Stiffeners 860
Inner Sleeves in double wall section 130
(+20' to -30')
Pile sleeves 170
4500
Vertical Bracing 1600
Skirt Pile Sleeves 1600
Horizontal Bracing 1100
Thickening at joint cans, mill tolerance 1800
secondary braces and stiffeners @ 20%
Mudmats 800
Appurtenances
Launch cradle 650
J-tubes and risers, sumps 110
Flooding and grouting systems 90
Corrosion protection 500
Stairs, boat landing, WaTkways 80
Escape pods 650
2100
Total Jacket 13500 tons




AL o | " TABLE 4-28
PILING AND DECK SUPPORT STRUCTURE

WEIGHTS FOR NORTH ALEUTIAN SHELF
(BASE CASE = 300' WATER, 300000 BPD)

Piling (90 ¢ 1.5)

4920' x 0.71 ton/ft 3490

Thick Wall Sections and Stabbing Guides @ 20% 700

Skirt Pile Follower 160
4350 tons

Deck Support Structures

‘<f"“\  Box Girders 2330
e Horizontal Bracing | 20
Legs (above elevation +20) 600
Temporary Supports __30

2980 tons




MAXIMUM MUDLINE SHEARS, OVERTU
PILE CAPACITIES FOR VARIOUS WATER

X-shear (kips)

Y-shear (kips)

Vertical force (kips)

Moment about X-axis (kip-feet)
Moment about Y-axis (kip-feet)
Torsion (kip-feet) |

Pile Groups Al & A4 (kips)
Pile Groups Bl and B4 (kips)
Piles B2 and B3 (kips)

TABLE 4-29

(300000 BPD)

ﬁNING MOMENTS AND REQUIRED

DEPTHS AT NORTH ALEUTIAN SHELF

200" 300" 350"
9300. 11110. 11500.
8400, 10000. 10400,

100000.  104000. 106000.
1860000.  2750000.  1770000.
3190000, 2660000,  3100000.

62000, 93000. 109000,

32000. 35000. 37000.

26000. 29000, 31000,

17000. 18000. 18000.



TABLE 4-30

PLATFORM STRUCTURE WEIGHT FOR VARIOUS
WATER DEPTHS AT NORTH ALEUTIAN SHELF (300000 BPD)

Jacket Weight

Legs

Vertical Bracing

Skirt Pile Sleaves

Horizontal Bracing

Joint Cans, Secondaries @ 20%
Mudmats

~ Appurtenances

M

Piling (90 4 1.75)

Nominal Length and Thickness
Thick Walls and Guides © 20%

Skirt Pile Follower

Deck Support Structures

Total

200* W.D. 300" W.D. 350' W.D.

2800 4500 5400

900 1600 1900

1500 1600 1600

700 1100 1100

1200 1800 2000

600 800 900

1600 2100 2300

9300 13500 15200
2600 3490 3700

520 700 740

110 160 180

3230 4350 4620 tons
2980 2980 2980
15510 tons 21130 tons 22800 tons

|
|
|



TABLE 4-31

MAXIMUM MUDLINE SHEARS, OVERTURNING MOMENTS AND REQUIRED
PILE CAPACITIES FOR VARIOUS WATER DEPTHS FOR 100000 BPD
‘ PRODUCTION IN NORTH ALEUTIAN AREA

X-shear (kips) 9000,
Y-shear (kips) 8000,
Vertical force (kips) 76000,
Moment aboutrX-axis (kip-feet) 1760000.
Moment about Y-axis (kip-feet) 1930000.
Torsion (kip-feet) 75000,
. Pile Groups Al & A4 (kips) 25000.
Cii”\§ Pile Groups Bl and B4 (kips) | 22000.

Piles B2 and B3 (kips) 14000.




TABLE 4-32

(“¥¢'h\i JACKET WEIGHT FOR 100000 BPD PRODUCTION
et IN NORTH ALEUTIAN AREA (300' WATER)

Legs (Below Elevation +20')

Shell 2600
Diaphragms and conductor guides 460
Stiffeners | .540
Inner Sleeves in double wall section 130
(+20' to -30")
Pile sleeves 170
33900
Vertical Bracing 1500
Skirt Pile Sleeves 1700
Horizontal Bracing 1100
g:}ﬂ'\} Thickening at joint cans,‘mill tolerance | 1600
secondary braces and stiffeners 8 20%
Mudmats 700
Appurtenances
Launch cradle ' 650
J-tubes and risers, sumps 110
Flooding and grouting systems 90
Corrosion protection 500
Stairs, boat landing, walkways 80
Escape pods 650
2100
(7 Total Jacket ‘ | 12600 tons

L



St. George

Navarin

N. Aleutian

TABLE 4-33

TONNAGE OF JACKET, DECK SUPPORT STRUCTURE
AND PILING FOR VARIATION IN ENVIRONMENTAL LOADS

Lower Bound

Small decrease
(storm, H = 75')

31240
(ice, 80 kips/ft)

Small decrease
(storm, H = 65")

Design Basis

29410
(storm, H = 85*)

32250
(ice, 115 kips/ft)

20830
(storm, H = 78"
ice, 85 kips/ft)

1. Production Rate 300000 BPD for all basins.

2. Water Depth

3. Parentheses

indicate the dominant environmental loading.

450 feet for St. George and Navarin
300 feet for North Aleutian

Upper Bound

Small increase
(storm, H = 90°)

37980
(ice, 140 kips/ft)

Small increase
(ice, 110 kips/ft)
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CONCRETE GRAVITY BASE STRUCTURES

Introduction

In recent years, concrete gravity base structures have been constructed in
the hostile waters of the North Sea and have proven to be cost effective
in providing a drilling and production structure in deep water. The
concrete gravity base structure also has the inherent capability of
providing crude oil storage for fields 1ocatéd'in remote areas where
pipeline construction may prove to be écbnomica]ly prohibitive or require
excessive construction time. For these reasons, the concrete gravity base
structure was further studied to determire its feasibility for use in the

St. George, Navarin and North Aleutian Basins.

Scope of Work

Section 3 describes how the 4 leg concrete structure was qualitatively

evaluated and selected for further evaluation.

This analysis of concrete gravity base structures was undertaken to define
designs and construction techniques appropriate for the Bering Sea. The
analysis considered the specified environmental and operating loads.
Geotechnical parameters for both clay and sand sites were utilized to

determine safety‘coefficients for the possible foundation modes of fajlure.

Global forces were developed for three water depths (300', 450' and 600')
using design basis oceanographic criteria from the St. George site.
This criteria was used for all basins and is thought to be conservative.

Seismic and ice forces were developed separately for each of the basins.
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Although site specific forces were not developed for each basin at each )

water depth, the small differences in the variation of criteria are not
believed to affect the accuracy of this feasibility study, The effect of
variation in environmental data is further discussed in the sensitivity
analysis included in later sections. The emphasis in the preliminary
design of the concrete structures was. in g1oba1 load evaluation and
foundation integrity. In addition, selected critical locations within the

structure were evaluated.

An additional variable that affects the design of concrete gravity base
structures is that of crude 0il storage capacity. For the two production
cases of 100,000 BPD and 300,000 BPD it has been assumed that a 10-day
storage capacity would be required. Therefore, desired storage capacities
of 1 million to 3 million barrels were included as design parametérs in

the analysis.

Structures not requiring crude 01l storage capacity were also considered.
For proper flotation during tow, a minimum amount of closed tankage will

be required to provide proper buoyancy. Sufficient base area is required
to deve]op adequate shear resistance against sliding. This is particularly

important in the case of clay soils.

Throughout the analysis of the concrete gravity base structures, the

assumption has been made that the entire topside dry payload, including

drilling and productio:: equipment, will be installed on the concrete base

prior to tow out. This requirement, while causing greater demands on the

overall stability of the combiéed structure during tow and installation, R

greatly reduces the on-site hook-up requirements. The magnitude of the oy

5-2



5.1.2

topside dry payload depends on the production rate. The difference in the
dry payload is likely to have only a minor effect on the global geotech-
nical stability of the concrete gravify base structure. However, it may

have a significant effect on the f]oéting stability of the structure during

- tow and installation. In cases of insufficient floating stability it is

possible to provide additional stability by means of ballasting the
structure to deeper drafts. This can be done using heavy ballast materials
such as sand (iron ore), natural sand or concrete. Heavy ballasting has
been practiced successfully in several North Sea gravity structures.
Alternatively it is possible to enhance the available floating stability
by means of temporary buoyancy (Figure 5-1). Where granular ballast has
been added to increase stability during tow, it may be desirable to
subsequently remove part or all after installation in order to reduce

bearing stresses on very soft soils.
Organization of Section

This section of the report presents the design basis, analysis methods,
design criteria and preliminary design calculations for the Concrete Base
Structure. Section 5.2 discusses general premises and assumptions. Then
Sections 5.3, 5.4, and 5.5 presentAthe designs for St. George, Navarin,

and North Aleutian Basins.

Evaluation of structural sensitivity to operational or environmental
conditions is inciuded in discussion for each basin. Variations of the

following parameters are investigated:



5.1.3

Water Depth
Environmental Conditions
Operating Conditions
Soil Conditions

Storage Conditions

Section 5.6 summarizes and discusses the various critical safety coeffi-
cients, and Section 5.7 provides insight into structural details and

internals of the structure.

Section 5.8 presents construction planning operations, as well as candi-

date construction sites and qualified contractors for Southern Bering Sea

Development.
/AT‘
Structure Configuration
Figure 5-1 shows the proposed structural configuration. Key elements of
the base case structure are:
- A cellular base made up of hexagonal cells. The cells could be
circular to optimize hydrostatic considerations; however, hexagonal
cells minimize framing problems at cell interfaces, and are repre-
sentative for purposes of this study.
- The base is flared near the mudline to maximize the soil contact
area.
- Four tapered shafts which are extensions of four of the base cells
extend to the deck level. N
N
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- Steel skirts project below the base into étronger soils to enhance

sliding and bearing resistance -of the structure and minimize the

tendency for scour or piping.



5.2

5.2.1

5.2.2

Premises and Assumptions

Materials

The material properties assumed in this study are summarized in

Table 5-1.
Codes Utilized

The following documents provided guidance in developing the various

analysis procedures and design criteria:

1. American Concrete Institute, 1978. "Guide for the Design and

Construction of Fixed Offshore Concrete Structures."” ACI Report

357R-78.
//\‘

2. American Petroleum Institute, 1982. "API Recommended Practice for
Planning, Designing and Constructing Fixed QOffshore Platforms.”
API RP 2A 13th Edition.

3. Americén Petroleum Institute, 1982. "API Bulletin on Planning,
Designing and Constructing Fixed Offshore Structures in Ice
Environments.® Bul 2N 1lst Edition.

4, Det Norske Veritas, 1977. "Rules for the Design, Construction and
Inspection of Offshore Structures.” '

5. Federation Internationale de la Precontrainte, 1977. "Recom-
‘mendations'for the Design and Construction of Concrete Sea

_Structures." 3rd Edifion.



( 5.2.3  Structural Design Considerations
5.2.3.1 Local Concentrated Ice Loads
CONCRETE
CRUSHING
Ice

TENSILE
CRACIKS
SHEAR CRACKS

@ FAILURE MODES

5.7

This failure mode is often referred to
also as punching shear failure. High
concentrated ice loads acting on the
shafts may cause combined flexural
crushing and shear of the concrete.
The failure mechanism is a progressive
process involving the formation of
flexural cracks, internal arching,
shear cracks, and concrete crushing.

The formation of cracks resylts in
stress redistribution, leading to

ultimate failure by crushing of the
concrete or punching shear. Potential
solutions can be provided as follows:

a. Increased wall thickness at the
~ contact zone. -

b. Increase concrete strength.

c. Triaxial confinement of the con-

crete. The latter is most effec-
tively achieved by means of closely
spaced through-wall stirrups or
through-wall prestressing, as by
rock bolts.



5.2.3.2 ?ai]ure at the Base of the Shafts
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5.2.4 Foundation Considerations

for the Bering Sea.

buoyant weight of the structures.

High magnitude seismic or ice lateral
loads generated at the deck or the
waterline levels, respectively, may
result in excessively high bending
moments at the base of the shafts.
Thus, exceedance of both the steel
tension capacity and/or the concrete
compression capacity may occur. These
overstresses may result in steel
yielding and concrete cracking and
crushing. In designing for the ulti-
mate 1imit state, ductile steel yielding
is normally preferred over brittle
concrete crushing.

The failure mode can be prevented by
increasing the wall thickness as well
as tapering the shafts to increase the
moment resisting lever arm. Local
confinement of the concrete by means of
stirrups or transverse prestressing is

dominant failure modes are as follows:

advantageous in increasing section T
ductility. '
Ice, waves and earthquakes are the most important environmental loads in
determining the foundation stability of concrete gravity base structures
These loads need to be considered together with the
In order to determine the critical
design conditions, it is necessary to evaluate each of the most probable
loading combinations for several potential modes of failure. The pre-
PN
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(W i.2.4.l Global Base Shear

e

——e—
SHEAR FAILURE PLANE

5.2.4.2 Shear around Skirt Tips

_ — =L

PN

SHEAR FA|LLIRE PLANES

5-9

Exceedance of the shear resistance
capacity of the foundation soil will
cause the structure to slide. This
failure mode can be prevented in the
following ways: »

a. In granular soils (sands) -
use of additional surcharge weight.

b. In cohesive soils (clays) -
extension of the base area.

In both cases the utilization of skirts
under the base will help to prevent
sliding failure. This is because the
potential shear failure plane will be
forced deeper into stronger soil
formations. Furthermore, the shear
area will be increased due to the
concavity of the potential failure
plane.

This may happen due to the development
of a series of local shear failure
planes in the weak near surface soils.
The use of additional skirts to reduce
the inter-skirt spans is useful in
preventing this failure because the
potential shear failure planes are
again forced to greater depths.
Furthermore, the skirts should sub-
divide the total base area into indi-
vidual segments. This partitioning
will help to prevent the local shear
failure planes from extending through-
out the entire base area.



5.2.4.3

Overturning

SoIL REACTION —"

A concrete gravity base structure is
subject to high lateral loads, resulting
in large overturning moments. These

are counteracted by the structure's
buoyant weight together with other
vertical force components acting
simultaneously with the maximum over-
turning moments.

The overturning resistance capacity can
be increased using the following
methods:

1. Additional surcharge weight.

2. Extension of the base area.

The choice of the most suitable tech-

nique may vary depending upon the

specific conditions at each location. T
For example, additional surcharge /
weight is recommended for granular
(sand) soil sites. Conversely, extend-
ing the base area is more suitable to
cohesive {clay) soils. Separation of
the base area is a potential solution
in cases of deep water and soft soils
sites. In any event, it is necessary
to ensure that the allowable bearing
stresses are not exceeded.

&

TN

N
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({’—N32.4.5 Evaluation Procedures and Criteria

Bearing failure occurs when a shear
plane develops due to excessive bearing
stresses in the soil underneath the
structure. The area contained by the
shear failure plane may include the
entire base or portions of it. This
mode of failure is most Tikely to occur
in weak undrained cohesive soils.

Long skirts are useful in preventing
bearing failures by pushing the shear
plane deeper into stronger soil strata.
Another possible solution is to reduce
the structure's buoyant weight. This
may require some modifications in the
structural design such as the use of
lighter materials or provision of
buoyancy by means of dewatered compart-
ments within the structure.

The procedures used for the geotechnical stability are summarized below:

Soil Type

Failure Mode

Procedure Criterion

(Per API RP 2A)

Cohesive

Granular

Stiding
Overturning

Bearing

Sliding
Overturning

Bearing

AC/Fy 1.5
FyR/M 2.0
gA'/Fy . 2.0
Fytan 8/Fy 1.5
FyR/M 2.0
GA'/Fy 2.0
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where
A = éross foundation area.
A' = Effective foundation area.
C = Undrained shear strength.
g = Allowable bearing pressure.
§ = Angle of internal friction.
R = Characteristic foundation dimengion.
F4 = Horizontal force. |
Fy = Vertical force.
M = Overturning moment.

The ratios obtained by using the procedures specified in the table above

are the actual safety coefficients. These coefficients should in all

TN
cases be equal to or larger than the corresponding criteria. In other ' :
words, the criterion indicates the minimum requirement for each case. The
criteria selected here are based on the American Petroleum Institute
recommendations. It should be noted that other requirements,‘such as
material and load coefficients, are also included in the specified
criteria.

W
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ZFFECTIVE FOUNDATION AREA

CIRCULAR GEOMETRY

5.2.5

The characteristic foundation dimension (R)‘is equal to one half of the
foundation diameter for circular foundations. (See above sketch.) For
other foundation geometries it can be taken as one half of the distance
between the furthest two points parallel to the direction of the applied

load.

The effective foundation area (A') is used in the evaluatioh of the
bearing stabililty. This approach is recommended both by the American
Petroleum Institute (API) and by the Norwegian Classification Society (Det
Norske Veritas). The simultaneous exposure of the structure to lateral
and vertical loads results in eccentric foundation reaction and thus
nonuniform pfessure distribution. The effective foundation describes an
area subject to an equivalenf uniform pressuré distribution. The total

foundation reaction in both cases is the same.

Loads

| ForceS'acting‘dn offshore structufes’are due to the combination of dif-

ferent environmental and operating conditions. The various load
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5.2.5.1
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-~

combinations are normally examined for compliance with the requirements of
two limit states, Serviceability and Ultimate. In this study only the
Ultimate Limit State loads are used, since this controls the overall
structural dimensions. The Serviceability Limit S£ate usually determines
the amount of reinforcing steel required and an allowance has been made
for the quantity, based on previous expériencé. Since concrete gravity
base structures are insensitive to changes in the operating loads, the
payload capacity is kept at its maximum level at all times. It is also
assumed that the different environmental extreme loads such as oceano-
graphic, seismic and ice, act independently and nonconcurrently, a pro-

cedure which is in accord with the recommendations and practice.
Oceanographic Loads

Wave loads have a dominant effect on the global geotechnical stability of
concrete gravity base'platforms. Hence other loads such as winds and
currents were not coﬁsidered in the evaluation presented here. A deter-
ministic design wave approach was used in this study. Approximate wave
loads were initially obtained using a closed form diffraction theory
solution by Gran (1). More accurate loads were subsequently obtained

using a numerical diffraction theory solution by Garrison (2).

(1) Gran, S. 1973, "Wave Forces on Submerged Cylinders," Proc. OTC
No. 1817, Houston, Texas, May.

(2) Garrisen, C. J., Chow, P. 9., 1972, "Wave Forces on Submerged Bodies," g

Journal of Waterways, Harbors, and Coastal Engineering Division, ©
August. S
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2.5.2

T

Seismic

Seismic forces may become a dominant consideration in the design of
gravity base structures. This depends upon the seismicity of each

site as well as the structures'’ configurations and dynamic characteris-
tics. For preliminary design purposes the global lateral forces were
estimated assuming rigid body motions. Following this assumption the
seismic forces were found by multiplying the'masses-of the structures,
including those of contained Tiquids, times the anticipated response
accelerations. The latter were obtained from the appropriate acceleration
response spectra based on the assumed fundamental vibration frequencies.
Added mass coefficents were based on the analytical work of Garrison
confirmed by the experimental work of Byrd (2). In all cases the global
seismic forces were applied at the centers of gravity resulting in

overturning moments about the mud line.

Internal structural damping is important only to the elements of the
structure,'such as the shaft-base ﬁonnection. Hydrodynamic damping is
also insignificant for the structural configurations and water depth
considered in this report. Radiation damping in the soil, however, is of

major importance.

Suéh a large mass bearing on the soil compels -the foundation to respond to
a large degree with the structure. This interaction of underlying soil
with the structure has been given detailed analytical treatment in connec-
tion with the similar problem for nuc]ear reactor power plants. In par-
ticu]ar, the deve]opment of a 3-D finite element program by Lysmer appears

to offer a more valid mefhod for analysis.
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The net result is that the h%gh frequency energy is both filtered and
dampened by the soil, so that the response of the structure is controlled
by velocity rather than acceleration. Thus, the peak spectral accelera-
tion of a particular earthquake has little or no effect on the response of

the gravity base structure.

Very detailed evaluations have recently been performed for one of the
major gravity base structures in the North Sea for a seismic event devel-
oping a similar spectral velocity to that given for the St. George Basin.
The forées and moments should thus be comparable, at least in a general

sense, The values presented in this report are in reasonable agreement.

Experience from detailed seismic evaluation of a concrete gravity base
structure in the North Sea indicates that earthquake can govern the TN
reinforcing and prestressing in the shafts but is not critical elsewhere

in the concrete substructure.

Vertical accelerations have not been considered in the present evaluation

but should be taken into account in a specific design.

It has been found -from the North Sea evaluation that both horizontal and
vertical motions do affect the design of the deck and the support of the

equipment.

In view of the fact that the Aleutian chain is one of the most seismically
active regions in the world, and the fact thai it is a piate margin,

rather than an interpliate zone; we recommend that a more in-depth study be
) —~

#

made of the earth motion characteristics, so as to more accurately

define the design parameters, not only of horizonta] and vertical e
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& ! accelerations but particularly of velocity, displacement and duration

applicable to each basin.
5.2.5.3 Ice

Global ice loads are generated by a variety of ice formations such as
ridges, floes and rafted ice. 1In the case of the selected four-legged
concept ice may get "jammed" among the shafts, resulting in higher
loads due to an arching action. This pos;ibi]ity was considered in
all ice force calculations. Furthermore,}the failure loads were
calculated assuming that the ice fails in crushing. In all cases the
global ice loads were applied at the water line, resulting in over-

turning moments about the mud line.

Loading Combination

To account for various potentially critical loading conditions, the

following combinations were considered:

Case I = Fp + Fyy + My
Case II = Fp - Fyy |
Case III = Fp + Fyy + 0.5 Fuy + My
Case IV = Fg + 0.5 Fyy + Fwy + 0.5 My
Case V. = Fg+ Fgy + Ms
Case VI = Fp + Fry + Mp
where:
FB = Maximum buoyant weight.
<€:«N§ " Fyqg = Maximum wave horizontal force.
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5.2.6

Fwy = Maximum
My = Maximum
FSH = Maximum
Mg = Maximum
Fig = Maximum

Mp = Maximum
Notes:

Load cases I and

W N e

Auxiliary Systems

Pipeline risers, ballast

emergency egress are all

PN
wave vertical force. . >

wave overturning moment.
seismic horizontal force.
seismic overturning moment.
ice horizontal force.

ice oveturning moment.

II correspond to a linear wave condition.

. Load cases III and IV account for potential nonlinearities.
Load case V represents the maximum seismic loading.

Load case VI represents the maximum ice loading.

control equipment, disposal caissons, diver and

systems which should be incorporated into the

design of the concrete structures. Their location should be carefully

planned so as not interfere with the primary load-carrying systems of the

structures.

The spaces within the concrete caisson are highly suitable and adaptable

for bulk storage of various supplies and materials, such as:

Fresh water
Drilling mud
Cement

Diesel 011

TN

Drill cuttings disposal
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The storage space allocation for the above components should be done

considering the primary requirements for ballast and crude oil storage.
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5.3

5.3.1

5.3.1.1

St. George Basin

Base Case

The basé case structure for the St. George Basin is to be founded on

cohesive (clay) soil in 450 feet of water. The structure is designed to
accommodate a productidn rate of 300,000 BPD énd provide a storage capac-
ity of at least 1 million barrels. A general layout of the proposed

structural configurgtion is shown in Figure 5-1. The analytical results
given below are primarily to evaluate suitability of the base case design
to resist global loads under the specified environmental, operational and

geotechnical criteria.
Design Conditions

The specified design conditions include the following operating and environ-

mental requirements as well as the given geotechnical characteristics:

A. Operating

Payload = 100,000 kip{l!
Storage = 1 x 106 bb1
(1) 91,800 kip rounded up. A
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5.3.1.2

B. Environmental

Oceanographic - wave height = 85 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = 0.1259(2)
- velocity = 5 inc/sec
Ice - rafted ice = 85 kip/ft
C. Geotechnical
Clay - undrained shear strength = 1.0 ksf(3)

Results of Analysis

In conducting the analysis presented here, no attempt was made to optimize
the structural geometry or weight characteristics. The initial configura-
tion was assumed using past experience and judgment. The mininum ballast
requirements was determined such that the submerged weighi of the struc-
ture will be sufficient to resist the maximum potential wave uplift.
Furthermore, no attempt was made to determine the optimum ballast distri-
bution. It was assumed that the ballast will be provided using sea water
in part of the base compartments such that the center of gravity of the

ballast will be kept at mid-height of the base.

(2) The specified acceleration is the peak ground acceleration; however,
the seismic forces were calculated based on the design basis response
spectrum. Based on an anticipated fundamental response period of 2
sec., the estimated spectral acceleration from the response spectrum
is less than 0.03g, but was rounded up to .05 g to account for
possible underconservatism in the static analysis method which is
based on the fundamental mode of vibration.

(3) At the skirt tip 15 feet below the mudline.
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A. Operating

Air weight of GBS plus topside = 957,000 kip
Minimum ballast required = 473,000 kip
Total air weight = 1,430,000 kip

B. Environmental

Oceanographic - horizontal = 9,2 x 104 kip
vertical = 7.9 x 104 kip
overturning = 8.7 x 106 kip-ft

Seismic - horizontal = 1.0 x 105 kip
overturning = 9.7 x 106 kip-ft

5.3.1.3 Preliminary Design Evaldation

TN
The following safety coefficients were obtained for the structure shown in ”
Figure 5-1.
Coefficient
Case Sliding Overturning Bearing
Criteria 1.5 2.0 2.0
I 2.6 3.5 5.7
11 N -—- 31.8
III 2.6 4.8 5.2
v 5.2 12.0 5.3
v 2.3 3.1 6.1
VI 11.1 3.0 7.2 .
O
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Based on the above results, it is concluded that the proposed structure is

)

stable in all modes. It is also observed that sliding is controlled by
the maximum seismic loading, a]though'design wave loading is only slight
less. Overturning is controlled by the maximum ice loading. Bearing is
controlled by the wave loading. It can also be concluded that the lower
bound (weakest) cohesive soils (.5 ksf @ 15 ft.) would not be suitable

foundation materials.

5.3.1.4 Material Take Off

1. Base slab , 54409 CY

Enlargement at base-skirt connection 1000 CY

2. Interior cell walls 69924 CY

: Enlargement at base-wall connection 1000 Cy
<E/ﬂ~\j 3. Exterfor cell walls 14107 cY
Exterior cell walls 9069 CY

4. Roof of cells 18734 cy

5. Towers 41334 CY

6. Apron 7000 CY

7. Ring beam 1000 CY

8. Miscellaneous 10000 CY

Total concrete in base case 227577 CY
5.3.2  Water Depth Variations

In order to accommodate changes in water depth for 300 and 600 feet, the

following design changes were made from the base case structure.

C
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'5.3.2.1

300' W. D.: The base features were kept the same. The shafts were
shortened 150', and the shafts were specified at a constant diameter
6f 40 feet instead of the tapered shafts of the base case. No other

design changes were made (Figure 5-2).

600' W.D. - In order to maintain acceptable moments at the base of the
shafts, the base height was incréased to 200°'. ‘This has the addi-
tional benefit of permitting possible oil storage capacity of up to 3
million barrels. The shafts were lengthened by 50 feet by extending

the 75' diameter region at the base of the shafts (Figure 5-3).

With these design changes, the global loads were evaluated for the design

conditions detailed below. The primary objectives of this work were to

‘ establish water depth 1imits of this design under the specified environ- TN

e

mental, operational and geotechnical criteria. No attempt was made to

optimize the design for the different water depths.
Design Conditions

The specified design conditions include the following operating and environ-

mental requirements as well as the given geotechnical characteristics.

300" 600"
A. QOperating
Payload = 100,000 kip 100000 kip
Storage = 1 x 106 bbl 3 x 106 bb1l
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5.3.2.2

E"‘\
_.(;)

Environmental

Oceanographic - wave height

wave period

Seismic - peak ground acceleration
- velocity

Ice - rafted ice

Geotechnical

Clay - undrained shear strength

Results of Analysis

See discussion in Section 5.3.1.2.

A.

(1) A wave height of 75' was used as opposed to the 85!
base case. The results of the anal

(2)
(3)

OEerating

Air weight of GBS plus topside
Minimum ballast required

Total air weight

]

75 £¢.(1)

14 sec.

= 0.125(2)

5 in/sec

85 kip/ft

1.0 ksf(3)

858000 kip
562000 kip
1420000 kip

85 ft.

15 sec.
0.125 g(2)
5 in/sec
85 kip/ft

1.0 ksf(3)

1369000 kip
1150000 kip
2519000 kip

used for the
ysis indicate ample stability for

the 300' case; however, the 85' wave case was not directly examined.

See note (2) in Section 5.3.1.1.

At the skirt's tip 15 feet below the mudline.
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300." 600" B
Environmental
Oceanographic - horizontal = 1.1 x 105 kip 1.6 x 105 kip
- vertical = 1,1 x 105 kip 5.5 x 104 kip
overturning = 14.4 x 106 kip-ft 25.3 x 106 kip-ft
Seismic - horizontal = 1.0 x 105 kip 1.8 x 105 kip
overturning = 8.7 x 106 kip-ft 24.5 x 106 kip-ft
Ice - horizontal = 2.0 x 104 kip 2.0 x 104 kip
overturning = 6.0 x 106 kip-ft 12.0 x 106 kip-ft

It is interesting to note that the oceanographic forces in both of the

above cases are larger than the corresponding forces for the base TN
case. This can be explained in the case of the shallow structure
(W.D. = 300 feet) due to the relative increase in the wave energy per
unit of water depth. The maximum wave considered in this case is just
slightly smaller than the base case maximum wave while the water depth
ratio is equal to two thirds. The increased oceanographic loads in
the case of the deeper structure (W.D. = 600 feet) are due to the
larger size of the base caisson. This, together with the higher
elevation of the topside mass above the mudline are also responsible

for the increase in the magnitude of the seismic loads.

The ice l.ad is applied at the mean water line and therefore, the
resulting overturning moment is a direct function of the water line
elevation above the mud line.

S
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(-~ / C. Loading Summary

Based on the relative magnitudes of the environmental loads, it is
concluded that the maximum ice loading does not represent a critical

design condition and thus is not considered in subsequent calculations

for these cases.

Load

Horizontal Vertical Overturning
(kip) (kip) - (kip-ft)

Case 300 ft. 600 ft. 300 ft. 600 ft. 300 ft. 600 ft.

I 1.1x105 1.6x105 1.4x105 2.2x105 14.4x106 25.3x106
II eeeea- 3.3x104  1.6x105 =eemee aceeo.
'Cgfn‘? | III 1.1x105 1.6x105 2.0x105 2.5x105 14.4x106 25.3x106
IV 5.5x104 8.0x10% 2.5x105 2.8x105 7.2x106 12.6x106
V. 1.0x105 1.8x105 1.4x105 2.2x105  8.7x106 24.5x106

5.3.2.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structures shown

in Figures 5-2 and 5-3.
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Coefficient

Stiding Overturning Bearing

300 ft. 600 ft. 300 ft. 600 ft. 300 ft. 600 ft.

Criteria 1.5 1.5 2.0 2.0 2.0 2.0
I 2.2 1.5 2.7 2.4 2.3 1.4

11 -—- - --- —- 45.6 9.2
I 2.2 1.5 3.8 2.7 2.9 1.3
N 44 2.9 9.7 6.0 4.4 3.3
Voo 2.5 1.3 4.5 2.5 5.2 1.4

Based on the ébove results, it is observed that the shallower structure

(W.D.
(W.D.

300 ft) is stable in all modes. In the case of the deeper

600 ft) structure, the minimum sliding and bearing require- _ -

ments are not satisfied. The sliding is controlled by the maximum seismic

load (although the design wave load is only slightly less); whereas, the

bearing is controlled by the maxima of both the wave and the seismic

loads. As indicated in the previous section, both problems are primarily

due to the increase in the base height. The results obtained indicate a

limiting condition for the selected structural configuration given for the

specific water depth, environmental loads, and soil properties. Other

alternatives such as the tripod gravity base structure (Figure 5-4) will

probably prove more suitable for the design conditions of deep water and

soft soil. The tripod serves to reduce the change in bearing pressure due

to moment, as well as providing reduced uplift. This provides a reduction

in the net static weight on the soil. It should be noted here that the

I

5-28



' selected structural alternative will fully satisfy the prescribed geo-

technical stability criteria in the case of the upper bound clay soils

(i.e., where the undrained shear strength equals 2 ksf).

5.3.2.4 Material Take Off
St. George - Water Depth Variation
A. “W. D. = 300 and 600 feet

1. Base slab
Eh1argement at base-skirt connection
2. Interior cell walls
Enlargement at base-wall connection
- 3. Exterior cell walls
Exterior cell walls
Roof of cells
Towers

Apron

~ (o)) (S 2] R
. L) - .

Ring beam

o

Miscellaneous

Total Concrete in Structure
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00 00t
54409 CY 54409 CY
1000 CY 1000 CY
69924 CY 139848 CY
1000 CY 1000 CY
14107 CY 28214 CY
9069 CY 18138 CY
18734 CY 18734 CY
17760 CY 46314 CY
7000 CY 7000 CY
1000 CY 1000 CY
10000 CY 10000 CY
204003 CY 325657 CY



5.3.3

5.3.3.1

Environmental Conditions Variations

The following work was done in order to evaluate the sensitivity of the
base case structure to changes in the environmental conditions. As
discussed in‘Section 5.3.1, the base case global loading was contfo]]ed by
seismic loading for sliding, ice loads for overturning and wave loads for
bearing. Of these, the sliding and errturhing modés were the only cases
even approaching the limiting criteria. For purposés of this phase of the
sensitivity evaluation, only the ice load was increésed from 85 k/ft to
110 k/ft. The seismic spectral acceleration was not increased because; as
explained in Section 5.3.1.1, the initial assumption was believed to be
conservative already. All other conditions were also kept the same as in

the base case. The structural configuration was not modified for the

TN
changes in the ice conditions. Only the stability against global loading B
was reevaluated.
Design Conditions
The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-
teristics:
A. Operating
Payload = 100,000 kip
Storage = 1 x 106 bb1
SN
.
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5.3.3.2

B

B. Environmental

Oceanographic - wave height

wave period

Seismic - peak ground acceleration

- velocity

Ice - rafted ice

C. Geotechnical

Clay - undrained shear strength

Results of Analysis

A. Operating

Air weight of GBS plus topside
Minimum ballast required

Total air weight

B. Environmental

Oceanographic - horizontal =
vertical =

overturning =

Seismic - horizontal =

overturning =

Ice - horizontal =

overturning =

(1) See note (2) in Section 5.3.1.1.
5-31

85 ft.

15 sec.

0.125¢(1

= .125g(1)
= 110 kip/ft

1.0 ksf

= 957000 kip
= 473000 kip
= 1430000 kip

9.2 x 104 kip
7.9 x 104 kip
8.7 x 106 kip-ft

1.0 x 105 kip

x

7.2-x 106 kip-ft

2.6 x 104 kip
12.7 x 106 kip-ft



The changes in the horizontal and overturning ice loads as compared to
the base case are directly proportional to the increase in the ice

strength.

C. Loading Summary

Load
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 9.2 x 104 1.1 x 105 8.7 x 106
I1 ———— 5.1 x 104 J—
II1 9.2 x 104 1.5 x 105 8.7 x 106
Iv 4.6 x 104 1.9 x 105 4.4 x 106

v 1.0x 105 1.1 x105 7.2 x 106
VI 2.6 x 104 1.1 x 105 12.7 x 106

5.3.3.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5.5.
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5.3.3.4

5.3.4

)

Coefficient

Case Sliding Overturning = Bearing
Criteria 1.5 2.0 2.0

I 2.6 3.5 5.7

II -—- ——- 31.8

III 2.6 4.8 5.2

Iv 5.2 12.0 5.3

v 2.3 4.2 6.1

- VI 9.2 2.4 5.7

Based on the above results, it is concluded that the proposed structure is

stable in all modes. It is also observed that sliding is still controlled

- by the maximum seismic loading. Overturning is controlled by the maximum

ice loading and bearing is still controlled by the wave loading.
Material Take Off

Same as base case.

0peratin§ Conditions Variation

Reducing the crude o0il production rate from 300000 BPD to 100000 BPD,
thereby reducing'the payload, has only a marginal‘effect on the global
weight and geotechnical stability of concrete gravity base structures.
Hence this variation was not considered as a separate design case. Never-

theless, changes in the payload capacity may have a significant effect

~during the transportation and installation phases. Both the motion
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5.3.5

response and the hydrostatic stability during tow and installation

strongly depend upon the magnitude and elevation of the topside payload.
Soil Conditions Variation

Changes in the soil conditions at the platform location will have a
profound effect on the suitability of the base case design to satisfy the
prescribed criteria. As discussed in Sections 5.3.1 and 5.3.2, the base
case cohesive soils were found to be suitable for the postulated criteria
except in the deep water range. As indicated earlier (Section 5.3.2.3),
based on previous calculations the geotechnical criteria is expected to be
satisfied in the case of upper bound cohesive soils. The primary objec-
tive of this phase of the sensitivity evaluation was to investigate
whether granular soils near the poétu1ated Tower bound conditions imposed

any additional global loading limitations.

The design of the structure was the same as in the base case, however, the
ballast was increased to enhance behavior on the granular soils, It
should be noted here that in granular soils, unlike cohesive soils, the
sliding resistance cépacity of the foundation can be increased when

additional ballast is used.

chever,llarge ballast amounts may also have adverse effects on the
gectechnical stability due to the exceedance of the allowable bearing
pressures as well as increased horizontal and overturning seismic loads.
Hence, the decision concerning the actual amount of ballast to be used

must consider all the stabi}ity requirements simultaneously.
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0k The stiffer granular soils affect the seismic response by decreasing the

fundamental period of response and also decreasing the damping.
5.3.5.1 Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Qperating
Payload = 100,000 kip

Storage = 1 x 106 bbl

B. Environmental

’ /ﬂm . -
(4 ; Oceanographic - wave height = 85 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = 0.1259(2)
- velocity : = 5 in/sec
Ice - rafted ice = 85 kip/ft
C. Geotechnical
Sand - internal friction angle = 30°(1)
(1) The internal friction angle was conservatively chosen to represent
sands midway between lower bound and design basis at the skirt tips,
5”'*1 15 feet below the base line.
(l)/ (2) See note (2) in Section 5.3.1.1.
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5.3.5.2

Results of Analysis

A.

Operating

Air weight of GBS plus topside

Minimum ballast required

Total air weight

Environmental

Oceanographic - horizontal
vertical

overturning

Seismic - horizontal

overturning

Ice - horizontal

overturning

957000 kip
803000 kip
1760000 kip

= 9.2 x 104 kip
= 7.9 x 104 kip
= 8.7 x 106 kip-ft

= 1.3 x 105 kip

The increased ballast and changed soil-structure interaction affect

only the seismic loads which are somewhat higher than in the base

case.

TN
= 11.3 x 106 kip-ft »
= 2.0 x 104 kip
= 9.8 x 106 kip-ft

N

N
st
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R C. Loading Combinations
Load
Case Horizontal Vertical 'Ovetturning
(kip) (kip) (kip-ft)

I 9.2 x 104 4.4 x 105 8.7 x 106
11 3.4 x 104
111 9.2 x 104 4.8 x 105 8.7 x 106
Iv 4.6 x 104 5.2 x 105 4.4 x 106
'} 1.2 x 105 4.4 x 105 10.3 x 106
VI 2.0 x 104 4.4 x 105 9.8 x 106

5.3.5.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-6.
Coefficient
Case Sliding Overturning  Bearing
Criteria 1.5 2.0 2.0
I 2.8 14.0 32.8
II ——- -—= 48.5
III 3.0 15.2 30.2
Iv 6.5 33.3 29.6
v 2.0 10.7 30.3
VI 11.8 12.0 31.8

5.3.5.4 Material Take Off

A
t

(:) Same as base case.
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5.3.6

5.3.6.1

Storage Conditions Variation

In this section the storage requirements of the base case structure
(Figure 5-1) are varied. The base case structure was modified to storé 3
million barrels of crﬁde 0il (see Figure 5-5). This was accomplished by
increasing the base height to 200' with the same base plan dimensions.
Storage below 1 miI]ibn barrels would result in savihgs in the mechanical
equipment, but wquld not reduce the base dimension or concrete volume
beyond the base case due to minimum ballast and structural integrity

requirements.
Design Conditions

The specified design conditions include the following operating and

v /”\fm
environmental requirements as well as the given geotechnical charac- ‘ _
teristics: |
A.. Operating

Payload . = 100,000 kip
Storage = 3 x 106 bb1
8. Environmental
Oceanographic - wave height = 85 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = 0.1259(1)
- velocity = 5/in/sec
- ’ ' = 85 kip/ft
Ice - rafted ice 85 kip/ —
™
Y W,
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(£ ) C. Geotechnical

Clay - undrained shear strength = 1.0 ksf

5.3.6.2 Results of Analysis

A. Operating

Air weight of GBS plus topside 1307000 kip

Minimum ballast required 1003000 kip

Total air weight 2310000 kip

B. Environmental

Oceanographic - horizontal = 1.5 x 105 kip
-(Aff~\ vertical = 1.0 x 105 kip
i |
A overturning = 7.2 x 106 kip-ft
Seismic - horizontal = 1.7 x 105 kip
overturning = 21.7 x 106 kip-ft
Ice - horizontal = 2.0 x 104 kip
overturning = 9.8 x 106 kip-ft

c. Loading'Summary

Based on the relative magnitudes of the environmental loads it is
concluded that the maximum ice loading does not represent a critical
design condition and thus is not considered in subsequent calculations

for this case.

(;) (1) See note 2 in Section 5.3.1.1.
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, ‘ Load .
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 1.5 x 105 2.2 x 105 7.2 x 106

| S 1.2 x 105 —-ee-
I1I 1.5 x 105 2.7 x 105 | 7.2 x 106
IV 0.8 x 105 3.2x 105 - 3.6 x 106
v 1.7 x 105  2.2x 105 21.7 x 106

5.3.6.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-5.
N
Coefficient w;
Case Sliding Overturning Bearing
Criteria 1.5 2.0 2.0
I 1.6 8.4 2.4 .
II ——- -—- 11.9
III 1.6 10.3 2.0
v 3.1 24.2 3.4
v 1.5 2.8 1.6

From the above results it is observed that the structure does not satisfy

the minimum stability requirements in bearing. It is further noted

that all modes of failure are controlled by the maximum seismic loading.

If the selected structure is té be founded on the upper bound soils, then f
v Q;)
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L0 d the mininum bearing requirement can be easily satisfied. It should be
further noted that since the geotechnical stability in this case was
determined by the seismic load which was conservatively assumed, it may be

beneficial to further investigate this subject.
5.3.6.4 Material Take Off

St. George - Storage Conditions Variation (3 Million Barrels)

1. Base slab 54409 CY
Enlargement at base-skirt connection 1000 CY

2. Interior cell walls 139848 CY
Enlargement at base-wall connection 1000 CY

3. Exterior cell walls : 28214 CY
.<€T—NT‘ Exterior cell walls 18138 CY
4. Roof of cells 18734 CY
5. Towers 31374 CY
6. Apron 7000 CY
7. Ring beam 1000 CY
8. Miscellaneous 10000 CY
310717 CY
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5.4

5.4.1

'5.4;1.1 |

Navarin Basin

The various structures and conditions examined in the Navarin Basin are
the same as in the St. George Basin. Adjustments were made only for the

different levels of the seismic and ice loads.
Base Case

The base case structure for the Navarin Basin is to be founded on cohesive
(clay) soil in 450 feet of water. The structure is designed to accom-
modate a production rate of 300,000 BPD and provide a storage capac-

ity of 1 million barrels. A general layout of the proposed structural
configuration is shown in Figure 5-1. The analytical results given below

are primarily to evaluate the suitability of the base case design to

TN
resist global loads under the specified environmental, operational and o
geotechnical criteria.
Design Conditions
The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-
teristics:
A. Operating
Payload = 100,000 kipl)
Storage = 1 x 106 bb1
N
(1) 91,900 kip rounded up. Q;j
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B. Environmental

Oceanographic - wave height = g5 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = 0.059(2)
- velocity = 2 inc/sec
Ice - rafted ice = 110 kip/ft
C. Geotechnical
Clay - undrained shear strength = 1.0 ksf(3)

5.4.1.2 Results of Analysis

Since the base case structure for the Navarin Basin is identical to the

({fn\j base case structure for the Saint George Basin, no attempt wasimade to

optimize the structural design.

A. QOperating

Air weight of GBS plus topside 957000 kip

Minimum ballast required 473000 kip

Total air weight

1430000 kip

(2) The specified acceleration is the peak ground acceleration; however,
the seismic forces were calculated based on the design basis response
spectrum. The anticipated fundamental response period is 2 sec, which

o~ is beyond the limits of the proposed acceleration response spectrum.
¢ } Hence, the lower bound acceleration of 0.01 g was conservatively
(:;T ' seTected for the Navarin Basin.

(3) At the skirt tips 15 feet below the mudline.

5-43



Environmental

Oceanographic - horizontal =

Seismic

Ice

vertical =

overturning =

- horizontal =

overturning =

- horizontal

overturning

Loading Summary

in direct proportion to the spectral acelerations ratio and the unconfined TN

Y

9.2 x 104 kip
7.9 x 104 kip
8.7 x 106 kip-ft

2.0 x 104 kip
1.9 x 106 kip-ft

2.8 x 104 kip
12.6 x 106 kip-ft

It should be noted that both the seismic and the ice loads in this case

were prorated based on the corresponding forces for the Saint George Basin

compressive strengths ratio, respectively. : o

Load
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 9.2 x 104 1.1 x 105 8.7 x 106

II 3.1 x 104
111 9.2 x 104 1.5 x 105 8.7 x 106

Iv 4.6 x 104 1.9 x 105 4.4 x 106

v 2.0 x 104 1.1 x 105 1.9 x 106

VI 2.8 x 104 1.1-x 105 12.6 x 106 TN

‘e
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{?Aﬂh\€4.1.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-1.
Coefficient
Case Stiding Overturning Bearing
Criteria 1.5 2.0 2.0
I 2.6 3.5 5.7
II -—- -—- 31.8
ITI 2.6 4.8 5.2
v 5.2 12.0 - 5.3
v 11.9 15.9 12.0
Gf’\ VI 18.5 2.4 5.7

Based on the above results, it is concluded that the proposed structure is
stable in all modes. It is also observed that s11ding and bearing are
controlled by the maximum wave loading. Overturning is controlled by the
maximum ice loading. It can also be concluded that the lower bound
cohesive soils (.5 ksf at 15 feet) would not be suitable foundation

material due to inadequate shear resistance to sliding.
5.4.1.4 Material Take Off
Total Concrete Volume 227577 CY

Concrete volume is the same as that found in Section 5.3.1.4 -

g’"mﬁ St. George Basin; Base Case.
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5.4.2

5.4.2.1

Water Depth Variation

Variations in the water depth are examined for the conditions of 300 feet

and 600 feet (Figures 5-2 and 5-3). For a discussion of other design

changes included in this section, see Section 5.3.2.

Design Conditions

The specified design conditions include the following operating and

environmental requirements as well as the given geotechnical charac-

teristics.

A. Operating
Payload

Storage

B. EnVironmental

Oceanographic - wave height
wave period
Seismic - peak ground acceleration
- velocity

Ice - rafted ice

300

600’

100,000 kip
1 x 106 bb1l

75 £t.(1)
14 sec.
0.05¢

2 in/sec

110 kip/ft

100,000 kip
3 x 106 bbl

85 ft.
15 sec.
0.05g(2)
2 in/sec

110 kip/ft

(1) A wave height of 75 feet was used as opposed to the 85 feet used

for the base case.

The results of the analysis idnicate ample

stability for the 300 foot case, however the 85 foot wave is not

.

directly examined.

(2) See note (2) in Section 5.4.1.1.
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(ﬂk "4.2.2 Results of Analysis

RN

A. Operating

Air weight of GBS plus topside = 858000 kip 1369000 kip
Minimum ballast required = 562000 kip 1150000 kip
Total air weight = 1420000 kip 2519000 kip
300" 600"
B. Environmental
Oceanographic - horizontal = 1.1 x 105 kip 1.6 x 105 kip
vertical = 1.1 x 105 kip 5.5 x 104 kip
overturning = 14.4 x 106 kip-ft 25.3 x 104 kip-ft
‘C{TFN\ , Seismic - horizontal = 2.0 x 104 kip 3.6 x 10% kip
overturning = 1.7 x 106 kip-ft 4.9 x 106 kip-ft
Ice - horizontal = 2.8 x 104 kip 2.8 x 104 kip
overturning = 8.4 x 106 kip-ft 16.8 x 106 kip-ft

See discussion in Section 5.3.2.2.
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C. Loading Combinations

Load
Horigonta] Vertical Overturning
(kip) (kip) (kip-ft)

Case 300 ft. 600 ft. 300 ft. 600 ft. 300 ft. 600 ft.

I 1.1x105 1.6x105 1.4x105 2.2x105 14;4x105 25.3x106
II memeaeee 3.3x10% 1.6x105  ---- —
III  1.1x105 1.6x105 2.0x105 2.5x105 14.4x106 25.3x106
IV 5.5x104 3.0x10% 2.5x105 2.8x105 7.2x106 12.6x106

V. 2.0x10% 3.6x10% 1.4x105 2.2x105 1.7x106  4.9x106
VI 2.8x10% 2.8x10% 1.4x105 2.2x105 8.4x106 16.8x106

5.4.2.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structures shown
in Figures 5-2 and 5-3.

Coefficient

Sliding Overturning Bearing
300 ft. 600 ft. 300 ft. 600 ft. 300 ft. 600 ft.

Criteria 1.5 1.5 2.0 2.0 2.0 2.0
I 2.2 1.5 2.7 2.4 2.3 1.4

11 --- -—- - - 45.6 9.2
I1I 2.2 1.5 3.8 2.7 2.9 1.3
Iv 4.4 2.9 9.7 6.0 4.4 3.3

v 12.5 6.5 . 22.5  12.5 9.4 5.6

VI 8.5 8.5 4.6 3.6 7.0 3.9
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5.4.2.4

From the above results, it is observed that the shallower sfructure

(W.D. = 300 ft) is stable in all modes. In the case of the deeper struc-
ture (W.D. = 600 ft), the minimum bearing requirement are not satisfied.
The bearing is controlled by the maximum wave loads. The results obtained
indicate a limiting condition for the selected structural configuration
given the specific water depth, environmental loads, and soil properties.
It is interesting to note that the reduced seismic exposure in the Navarin
Basin as compared to the St. George Basin resulted in satisfactory sta-
bility against sliding for the deeper structure. The increased ice
exposure in the Navarin Basin required the consideration of ice loading
which wa not critical in the St. George Basin. Nevertheless, the waves
rather than the ice loading governs the design criteria in the Navarin
Basin. Other alternatives such as the tripod gravity base structure
(Figure 5-4).may be more suitable for the given design conditions. It
should be noted here that the selected structural alternative will fully
satisfy the prescribed geotechnical stability criteria in the case of the

upper bound clay soils (i.e., undrained shear strength equals 2 ksf).

~Material Take Off

Total Concrete in 300' Structure © 204000 CY
Total Concrete in 600' Structure 325657 CY

Concrete volumes are equal to those found in Section 5.3.2.4 -

St. George Basin; Water Depth Variation.
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5.4.3 Environmental Conditions Variation

In this case only the ice loads on the base case structure (Figure )
are varied. The Tower limit specified by the sensitivity range (60
kip/ft) is not considered because it does not constitute a critical

loading condition. See Section 5.3.3 for further discussion.
5.4.3.1 Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Operating
Payload | = 100,000 kip
Storage = 1 x 106 bb1

B. Environmental

Oceanographic - wave height

= 85 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = 0.01g
- velocity = 2 in/sec
Ice -~ rafted ice = 170 kip/ft
C. Geotechnical
Clay - undrained shear strength = 1.0 ksf
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{ .4.3.2  Results of Analysis

Y

RN

A, Ogerating

Air weight of GBS plus topside = 957000 kip

Minimum ballast required = 473000 kip
Total air weight = 1430000 kip

B. Environmental

Oceanographic - horizontal = 9.2 x 104 kip
vertical = 7.9 x 104 kip
overturning = 8.7 x 106 kip-ft

Seismic - horizontal = 2.0 x 104 kip
overturning = 1.4 x 106 kip-ft

Ice - horizontal = 4.3 x 104 kip
overturning = 19.5 x 106 kip-ft

The changes in horizontal and overturning ice loads as compared to the

base case are directly proportional to the increase in the ice strength.
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C. Loadihg Summary

Load
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 9.2 x 104  1.1x105 = 8.7 x 106
I1 ———— 5.1 x 104 ———-
I1I 9.2 x 104 1.5 x 105 8.7 x 106
IV 4.6 x 104 1.9 x 105 4.4 x 106
v 2.0 x 104 1.1 x 105 1.4 x 106
VI 4.3 x 104 1.1 x 105 19.5 x 106

5.4.3.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-1.
Coefficient
Case Sliding Overturning Bearing
Criteria 1.5 2.0 2.0
I 2.6 3.5 5.7
I1 - ——— 31.8
II1 2.6 4.8 5.2
IV 5.2 12.0 5.3
v 11.9 21.6 12.0

VI 5.6 1.6 2.2
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(1

N

Based on the above results, it is concluded that the proposed structure
does not satisfy minimum overturning §tabi]ity requirements under ice
loading. Overturning and bearing are both controlled by the maximum ice
loading. The maximum ice loads were conservatively calculated assuming
full bridging and arching. This assumption must be further investigated

before final assessment is made.

An alternative configuration involving more closely-spaced shafts or a
monotower is believed to be capable of fulfilling the design criteria for

this case.

Material Take Off

Same as base case.

Operating Conditions Variation

Reducing the crude oil production rate from 300000 BPD to 100000 BPD,
thereby reducing the payload, has only a marginal effect on the global
weight and geotechnical stability of concrete gravity base structures.
Hence, this variation was not considered as a separate design case.
Nevertheless, changes. in the payload capacity may have a significant
effect duriﬁg fhe transportation and installation phases. Both the
motion response during tow and the hydrostatic stability strongly depend

upon the magnitude and elevation of the topside payload.
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5.4.5

5.4.5.1

Soil Conditions Variation

In this section the geotechnical stability of the base case structure
(Figure 5-1) is evaluated when founded on granular soils (sand). For a

complete discussion concerning this variation, see Section 5.3.5.
Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Operating

Payload = 100,000 kip
. ; /\\
Storage = 1 x 106 bbl :
B. Environmental
Oceanographic - wave height = 85 ft.
wave period = 15 sec.
Seismic - peak ground acceleration = OQOSg(Z)
- velocity = 2 in/sec
Ice - rafted ice : = 110 kip/ft
C. Geotechnical
Sand - internal frictica angle = 30°(1)
TN
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(ffﬂ‘\l4.5.2 Results of Analysis

A. Qperating

Air weight of GBS plus topside = 957000 kip
Minimum ballast required = 803000 kip
Total air weight = 1760000 kip

B. Environmental

Oceanographic - horizontal 9.2 x 104 kip

vertical = 7.9 x 104 kip
overturning = 8.7 x 106 kip-ft
Seismic - horizontal = 2.4 x 104 kip
overturning = 2.1 x 106 kip-ft
Ice - horizontal = 2.8 x 104 kip
overturning = 12.6 x 106 kip-ft

The increased ballast and changed soil-structure interaction affect
only the seismic loads which are somewhat higher than in the base

case.

(1) The internal friction angle was conservatively chosen to represent
sands between lower bound and design basis at the skirt tips, 15 feet
fﬂ"mx below the base line.

C:) ; (2) See note (2) in Section 5.4.1.1.
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C. ‘Loading Combinations

Load
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 9.2 x 104 4.4 x 105 8.7 x 106
II eeee- 3.4 x10% aeee-
111 9.2 x 104 4.8x 105 8.7 x 106
v 4.6 x 104+ 5.2 x105 4.4 x 106
v 2.6 x 104 4.4 x 105 2.3 x 106
VI 2.8 x 104 4.4 x 105 12.6 x 106

5.4.5.3 Preliminary Design Evaluation

The following safety coefficients_were obtained for the structure shown in

Figure 5-1.
Coefficient
Case Sliding Overturning Bearing
Criteria 1.5 2.0 2.0
I 2.8 14.0 32.8
II ~—- ——— 48.5
I11 3.0 15.2 30.2
v 6.5 33.3 29.5
v 10.0 57.7 - 33.0
VI 9.1 9.6 30.2

Based on the above results, it;is concluded that the structure is stable

in all modes.
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1.4.5.4

(7)

5.4.6

N

Q o’}.4.6.1

Material Take Off
Same as base case.
Storage Conditions Variation

In this section the storage requirements of the base case structure
(Figure 5-1) are varied. The base case structure was modified to

store 3 million barrels of crude oil (see Figure 5-5). This was accom-
plished by increasing the base height to 200 feet with the same base plan
dimensions. Storage'below 1 million barrels would result in savings in
the mechanical equipment, but would not reduce the base dimension or

concrete volume beyond the base case due to minimum ballast and structural

~ integrity requirements.

Design Conditions

The specified design conditions inciude the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A, Operating
Payload

100,000 kip

Storage 3 x 106 bbl
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5.4.6.2

Environmental

Oceanographic - wave height

wave period

Seismic - peak ground acceleration

- velocity -

Ice - rafted ice

Geotechnical

Clay - undrained shear strength

Results of Analysis

A.

(1)

Operating

Air weight of GBS plus topside

Minimum ballast required

Total air weight

Environmental

Oceanographic - horizontal
vertical

overturning

Seismic -~ horizontal

overturning

Ice - horizontal.

overturning

See note (2) in Section 5.3

1.1,
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85 ft.

15 sec.

0.05¢¢1)

2 in/sec

110 kip/ft

1.0 ksf

1307000 kip

1003000 kip

2310000 kip

1.5 x 105 kip
1.0 x 105 kip
7.2 x 100 kip-ft

3.3 x 104 kip
4.3 x 106 kip-ft

2.8 x 104 kip
12.6 x 100 kip-ft



(ff"“\ C. Loading Summafy

Load
Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 1.5 x 104 2.2 x105 7.2 x 106
11 ———— 1.2 x 105 eeee-
I11 1.5 x 104 2.7 x105 7.2 x 106
v 0.8 x 104 3.2x105 3.6 x 106
v 3.3x 104 2.2x105, 4.3 x 106
VI 2.8 x 104 2.2 x 105 12.6 x 106

5.4.6.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-5.
Coefficient
Case STiding Overturning Bearing
Criteria 1.5 2.0 2.0
I 1.6 8.4 2.4
1I — - 11.9
III i.6 ' 10.3 2.0
v 3.1 24.2 3.4
v 7.2 14.1 5.7
VI 8.5 4.8 4.6
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5.4.6.4

From the above results it is observed that the structure is s@able in

all modes. It is further noted that sliding and bearing are controlled by

the maximum wave‘loading, whereas overturning is controlled by the maximum

ice loading.

Material Take Off

Total Concrete Volume 310717 CY

Concrete volume is equal to that found in Section 5.3.6.4 -

St. George Basin; Storage Conditions Variation.
,//~‘x~
TN
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<j; © 5.5

5.5.1

5.5.1.1

o

North Aleutian Shelf

Base Case

The base case structure for the North Aleutian Shelf is to be founded on
granular (sand) soil in 300 feet of water. The structure is designed to
accommodate a production rate of 300,000 BPD and provide a storage capac-
ity of 1 million barrels. A general layout of the proposed structural
configuration is shown in Figure 5-2. The analytical results given below
are primarily to evaluate suitability of the base case design to resist
global Toads under the specified environmental, operational .and geo-

technical criteria.
Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Operating

Payload = 100,000 kip(})
Storage = 1 x 106 bb1
B. Environmental
~ Oceanographic - wave height = 75 ft.(z)
wave period = 14 sec.

(1) 91,800 kip rounded up.

(2) A wave height of 75 feet was used as opposed to the 78 feet specified
as the design basis. This represents only a minor deviation which is
insignificant in view of the ample stability of the base case.
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5.5.1.2

//’\\

Seismic - peak ground aéce]eration = 0,249(3) ‘
- velocity = 8 in/sec
Ice - rafted ice = 85 kip/ft
C. Geotechnical
Sand - internal friction angle = 3O°(4)
Results of Analysis
In conducting the analysis presented here no attempt was made to optimize
the structural geometry or weight characteristics. The initial configura-
‘tion was assumed based on the previous analyses and past experience. The
minimum ballast requirements was determined such that sufficient stabilit§
against uplift and sliding was obtained. The other possible modes of N

)

failure were then analyzed to ensure compliance with the stability criteria. w

A." Operating

Air weight of GBS plus topside 581000 kip

Minimum ballast required 783000 kip

Total air weight

1364000 kip

(3) The specified acceleration is the peak ground acceleration; however,
the seismic forces were calculated based on the design basis response
spectrum. Based on an anticipated fundamental response period of 2

- sec. The estimatec spectral acceleration from the criterion response
spectrum is approximately 0.05 g, but was rounded up to .08 g to
account for possible underconservatism in the static analysis method

which is based only on the. fundamental mode of vibration. T~
(4) See note (1) in section 5.3.5.2. ' PN
(w
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B. Environmental

1.1 x 105 kip

Oceanographic - horizontal

vertical = 1.1 x 105 kip
overturning = 3.6 x 106 kip-ft
Seismic - horizontal = 1.5 x 105 kip*
overturning = 11.9 x 106 kip-ft*
Ice - horizontal = 2.0 x 104 kip
overturning = 6.5 x 106 kip-ft

*(Seismic responses may be low for denser sands.)

C. Loading Summary

<{f~\w Load

Case Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 1.1x 105 3.7 x 105 3.6 x 106
1§ S, 2.6 x 105  —eee-
111 1.1 x 105 4.3 x 105 3.6 x 106
Iv 5.5 x 104 4.8x 105 1.8 x 106

v 1.5 x 105 3.7 x 105 11.9 x 106
VI 2.0 x 104 3.7 x 105 6.5 x 106

5.5.1.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

N
c

Figure 5-2.
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Coefficient

Case Stiding Overturning Bearing
Criteria 1.5 2.0 2.0
I 2.0 25.2 28.1
I --- --- 42.4 |
111 2.3 28.9 24.4
IV 5.1 65.1 22.8
v 1.5 7.6 23.1
VI 10.0 14.0 26.2

Based on the above results, it is concluded that the proposed structure is

stable in all modes. It is also observed that sliding and overturning are
controlled by the maximum seismic Toading. Bearing is controlled by the TN
wave loading. ' <¢:
A sand with internai‘ang1e of friction of only 30° is possibly subject to
1iquefaction under earthquake. Stability under strong seismic action

must be evaluated. Liquefaction potential can be reduced by dynamic
consolidation of the sands, blanketing with rock (gravel or crushed rock),

or drainage to reduce pore pressures.
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_ (ffﬂh\u5.1.4 Material Take Off

North Aleutian Shelf - Base Case

5.5.2

1. Base slab
Enlargement at base-skirt connection
2. Interior cell walls
Enlargement at base-wall connection
3. Exterijor cell walls
Exterior cell walls
4. Roof of cells
5. Towers
6. Apron
7. Ring beam
8. Miscellaneous

Water Depth Variation

32835
1000
41056
1000
8061
9069
9407
17760
7000
1000

138188

cY
CY
CY
cY
CY
cY
cY
cY
cY

10000

CY
cY

The water depth upper and lower limits in the North Aleutian shelf are 350

feet and 200 feet, respectively.

These cases were not analyzed.

However,

based on the St. George and the Navarin Basin results as well as the North

Aleutian shelf base case design, it is concluded that gravity structures

can be installed in aﬁy water depth between the above limits. This con-

clusion is particularly valid due to the fact that the foundation soil in

the North Aleutian Shelf is granular (sand) which normally exhibits higher

load resistance capacities then undrained cohesive (clay) soils.
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5.5.3

5.5.3.1

Environmental Conditions Variation

In this case only the ice Toad on the base case structure (Figure 5-2)

is varied. This is done by increasing the ice strength from 85 k/ft to

110 k/ft. The lower limit specified by the sensitivity range (55 kip/ft)

is not considered because it does not constitute a critical loading
condition. The seismic spectral acceleration was not increased because,
as explained in Section 5.5.1.1, the initial assumption was already

thought to be conservative.
Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Operating

Payload = 100,000 kip
Storage . = 1 x 106 bb1
B. Environmental
Oceanographic - wave height = 75 ft.
wave period = 14 sec.
Seismic - peak ground acceleration = 0.0249(1)
- velocity = 8 in/sec

Ice - rafted ice = 110 kip/ft

(1) See note {3) in Section 5.5.1.1.
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_ <{fﬂh\ ' C. Geotechnical

Sand - internal friction angle = 30°
5.5.3.2 Results of Analysis
A. Operating
Air weight of GBS plus topside = 581000 kip
Minimum ballast required = 783000 kip

Total air weight 1364000 kip

B. Environmental

"

Oceanographic - horizontal 1.1 x 105 kip

N | vertical = 1.1 x 105 kip
Cv | ~ overturning = 3.6 x 106 kip-ft
Seismic - horizontal = 1.5 x 105 kip
overturning = 11.9 x 106 kip-ft
Ice - horizontal = 2.8 x 104 kip
overturning = 8.4 x 106 kip-ft

The changes in the horizontal and overturning ice loads as compared
to the base case are directly proportional to.the increase in the ice

strength.
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5.5.3.3

C. Loading Summary

Load
Case Horizontal Vertical Overturning
(kip) (kip) ~(kip-ft)
I 1.1 x 105 3.7 x 105 3.6 x 106
5 S 2.6 x 105 —ee--
III 1.1 x 105 4,3 x 105 3.6 x 106
IV 5.5 x 104 4.8 x 105 1.8 x 106
v 1.5 x 105 3.7 x 105  11.9 x 106
VI 2.8 x 104 3.7 x 105 8.4 x 106

Preliminary Design

The following safety coefficients were obtained for the structure shown in /(—\\
Figure 5-2. -~
Coefficient
Case. Sliding Overturning Bearing

Criteria 1.5 2.0 2.0

I 2.0 25.2 28.1

I1 --- --- 42.4

III 2.3 28.9 24.4

v 5.1 65.1 22.8

v 1.5 7.6 23.1

VI 6.6 10.8 25.0
. TN

Based on the above results, it is concluded that the proposed structure is

stable in all modes.
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5.5.3.4

5.5.4

5.5.5

controlled by the maximum seismic loading. Bearing is controlled by the

wave loading.

Material Take Off

- Same as base case.

Operating Conditions Variation

- Reducing the crude oil production rate from 300000 BPD to 100000 BPD and

thereby reducing the payload has only a marginal effect on the global
weight and geotechnical stability of concrete gravity base structures.
Hence, this variation was not considered as a separate design case.
Nevertheless, changes in the payload capacity may have a significant

effect during the transportation and installation phases. Both the motion

}response during tow and the hydrostatic stability strong]y'depend upon the

magnitude and elevation of the topside payload.
Soil Condition Variation

No variation in the soil conditions is considered. This is because only
soil type B (granular) was identified in the design criteria for the North
Aleutian Shelf. Furthermore, the assumed internal friction angle (30°)
represents soils close to the lower bound of the design basis with ample
stability. However, avhighef angle of internél friction would give
greater capacities in bearing and sliding resistance, as well as reducing

the potential for liquefaction.
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5.5.6

5.5.6.1

Storage Conditions Variation

In this section the storage requirements of the base case structure

(Figure 5-2) are varied. The base case structure was modified to store 2
million barrels of crude oil (see Figure 5-6). This was accomplished by
increasing the base hefght to 200 feet Qith the same basé plan dimensions.
To accommodate 3 million barrels storage, the base plan dimensions need to
be enlarged, resulting in larger environmental forces as well as addi-
tional ballast. This larger structural configuration was not investigated.
Storage below 1 million barrels would result in savings in the mechaﬁica1
equipment, but wou]d not reduce fhe base dimension or concrete volume
beyohd the base case due to minimum ballast and structural integrity

requirements. For detailed calculations for this case, see Appendix.
Design Conditions

The specified design conditions include the following operating and
environmental requirements as well as the given geotechnical charac-

teristics:

A. Operating

Payload 100,000 kip

2 x 106 bb1

Storage

5-70



5.5.6.2

B. Environmental

Oceanographic - wave height

wave period

Seismic - peak ground accelerations

- velocity

Ice - rafted ice

C. Geotechnical

Sand - internal friction angle

Results of Analysis

A. Operating

Air weight of GBS plus topside

Minimum ballast required

Total air weight

8. Environmental

Oceanographic - horizontal
vertical

overturning

Seismic - horizontal

overturning

Ice - horizontal

overturning

(1) See note (3) in Section 5.5.1.
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75 ft.
14 sec.

0.24g(1)

8 1in/sec

85 kip/ft

30°

= 798000 kip
= 1292000 kip
= 2090000 kip

1.8 x 105 kip
2.2 x 10° kip
8.7 x 106 kip-ft

2.2 x 105 kip
27.4 x 106 kip-ft

2.0 x 104 kip
6.5 x 100 kip-ft



The increase in the oceénographic and seismic loads as compared
to the base case is primarily due to the larger size of the base

caisson.

C. 'Loading Summary

Load
Case  Horizontal Vertical Overturning
(kip) (kip) (kip-ft)

I 1.8 x 105 5.8 x 105 8.7 x 106
|5 S —— 3.6 x 105 ~—---
III -~ 1.8x105 6.9 x 105 8.7 x 106
IV 0.9 x 105 8.0 x 105 4.4 x 106
v 2.2 x 105 5.8 x 105  27.4 x 106
VI 2.0 x 104 5.8 x 105 6.5 x 106

5.5.6.3 Preliminary Design Evaluation

The following safety coefficients were obtained for the structure shown in

Figure 5-6.
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Coefficient

Case Sliding Overturning . Bearing
Criteria 1.5 2.0 f 2.0
I 1.9 16.2 17.2
I --- - 31.4
111 2.3 19.2 14.8
v 5.3 44.6 5.9
v 1.5 5.1 - 12.8
VI 15.5 21.5 17.9

Based on the above results, it is concluded that the proposed structure is
stable in all modes. It is also observed that sliding and overturning are
controlled by the maximum seismic loading. Bearing is controlled by the

wave loading.

,«
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5.5.6.4

Material Take Off

North Aleutian Shelf - Storage Condition Variation

1.

o© ~ (=1} (4] -
» L] L] * .

Base slab

Enlargement at base-skirt connection

Interior cell walls

Enlargement at base-wall connection

Exterior cell walls
Exterior cell walls
Roof of cells
Towers

Apron

Ring beam

Miscellaneous
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1000
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1000
16122
18138
9407
11058
7000
1000

189672

cY
cY
cY
CY
cY
CY
cY
cY
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CY
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Summary of Critical Safety Coefficients

The critical safety coefficients for the various cases analyzed in the
three basins are summarized and shown in Figures 5-7, 5-8 and 5-9. The
assumed stability criteria is indicated by the heavy line. Hence, any
coefficient below this heavy line indicates an unstable condition. A

review of Figures 5-7, 5-8 and 5-9 indicates the following:

1. Two unstable conditions occur in the St. George Basin. The first
condition is in the case of deep water (600 feet) and the second
is in the case of the large storage requirement (3x106 barrels).
The deep water structure is unstable due to excessive sliding and
bearing which indicates that the selected structural configura-
tion may not be optional for deep water under the prescribed
environmental, opefating and soil criteria. The large storage
requirements result in excessive bearing under the seismic load.
Here again, an alternative configuration such as a tripod or

quadripod may prove more suitable for these extreme conditions.

2. Two unstable conditions occur in the Navarin Basin. The first
condition is in the case of deep water (600 feet). Unlike the
corresponding case in the St. George Basin, the bearing require-
ment is éxceeded due tovthe maximum wave loading. Hence, the
applicability of the selected configuration to deep water under
the prescribed criteria is in question. The second unstable
conditions occurs due to the upper bound ice loading on the

_ structure. This results in an instability due to excessive

overturning. The ice loads in this case were conservatively
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evaluated assuming full bridging and arching (Séétion;5.4.3.3).
Reduced loading will, of course, result in increased safety.
Alternatively the base area can be enlarged to mobilize auxiliary
resistance. As noted earlier, a monotower may prove more suitable

to the criteria.

A1l the cases evaluated in thé North Aleutian Basin indicated
ample stability. This is primarily due‘to the granular soils
which enable mobilizing additional stability by means of increased
ballast. The design approach was then to provide sufficient
ballast such that the controlling sliding requirements are met.

Overturning and bearing do not present any difficulties.

A special note has been added concerning the potential for 1ique-

faction.
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Structural Details

~ Several typical structural details andfsections are shown in Figure 5-10

through 5-14. Figure 5-10 indicates a potential arrangement for the
skirts underneath the base. Figures 5-11 and 5-12 show typica14sections
at exterior and interior base cells. Both sections also idicate the wall
thicknesses and typical reinforcement layouts assumed in the foregoing
analyses. Partial plan views and sections at the roofs of the exterior
and interior base cells are shownvin Figure 5-13. Figure 5-14 shows
typical sections at the shafts with possible reinforcement details at the

ice contact zone.
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5.8

5.8.1

Construction Planning

One of the key features of the concrete gravity base structure is that the

: structure will be completely fabricated and the deck and most of the

equipment completely installed and hooked-up in a warm water port, prior
to final tow to the sife for 1nsta11ati6n. Oh-site construction activi-

ties are thus reduced to a minimum.
Sequence of Construction

The sequence of construction is schematically illustrated by Drawing 5-15.
This series of stages and events is very similar to that which has been
carried out on 11 of the large concrete offshore platforms in the North
Sea, including those in the Brent, Beryl, Ninian and Statfjord fields. ’ N,
The latest platform, Statfjord C, now under construction in Stavanger

Norway is following a similar sequence.
Briefly described in words, the sequence is as follows:

a. A construction basin or existing graving dock is readied for

construction.

b. The base raft, including any protruding skirts, is fabricated in

the basin.

c. The basin is flooded, the closure dike or gates removed, and the
base raft towed to a deep water protected site nearby, where it is

moored.

Yy



The remainder of the base caisson is built up, using the base raft
to provide support. As the caisson grows upward, the base sinks

deeper in the water.
Then the tower shafts are constructed upward from the base caisson.

During and after these phases, the mechanical piping and elec-
trical and instrumentation systems within the caisson and shafts

are installed.

Meanwhile the deck structure is being fabricated at a shipyard,
usually temporarily supported on short concrete pillars in shallow
water. The pillars duplicate the upper portion of the shafts

constructed in (e).

Prefabricated modules are placed}oh the detk supports and inte-
grated into the deck. Additional process and drilling equipment

is installed.
Hook-up of the deck facilities is carried out at the shipyard.

The deck structure, virtually complete is transferred to a large

barge or bafges. (These may be tanker mid-bodies or similar.)

Now the concrete base, Comp]ete, is towed to a protected site
having very deep water. The deck, complete, is towed to the same

site.

The concrete base is ballasted down until almost awash. The deck

* is brought in over the top and carefully positioned.
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The base is now deballasted, 1ifting the deck off the transport

m. B
N
vessel(s).
n. The deck is post-tensioneq to the base, and hook-up completed.
0. The entire structure is now towed to the installation site.
P. At the site, the platform is ballasted down to touch the seafloor.
Additional controlled ballasting enables leveling and causes the
skirts to penetrate.
q. A weak grout is now pumped in under the base so as to give uniform
bearing.
r. Conductors are spudded in through penetrations in the base slab .
and drilling commences. | g:
s. As wells are drilled, production commences. After all wells are
drilled, part of the drilling equipment may be removed.
t. When the field has been commercially exhausted (e.g., in 20 to 30
years), the drilling and process equipment can be removed. The
structure is then deballasted. Water is flooded in under the base
and thé structure raised off the seafloor for tow to disposal or
reuse site.
A variation available for items b and C, where it is necessary or desirable
to reduce the construction basin size, is to construct the base raft in
several segments. After all ségments are launched, they are brought VA
together by use of mating cones and rubber seals, just as has been done on i:j
(.
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(ﬁ many subaqueous tubes and floating bridges. The joints are now fixed with

grout and post-tensioning.

Other acceptable "state-of-art" modifications include the use of an air
cushion in Step C, under the base and confined by the skirts, so as to

reduce draft during float out.
5.8.2 Criteria for Selection of Sites for Fabrication and Deck Mounting

The construction basin must be large enough to accommodate the base and
deep enough to enable sufficient structural depth to be constructed prior
to float-out, in order to ensure adequate strength and freeboard to

support the construction of the caisson.

Most such basins have been constructed in the open, that is with clay,

sand, or rock bottom and sides. Thus extensive sheet, piling cut-off

walls or dewatering systems may be required.

Substantial facilities are required at the construction basin site:
concrete plant(s), warehouses for reinforcing and prestressing steel,
cranes, utilities, offices etc. At remoter locations, a camp may also be

required.

Next a deep water construct1on 'site must be ava11ab1e, protected from
waves sufficiently to enable construction operations to be carried on
substantially continuously. This site should preferably be in the

vicinity of the construction basin to enable joint use of the support
#,-m\ . facilities.
(:) - Floating concrete plant(s), barges, crew boats, etc. are required.
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5.8.3

5.8.4

. T
The deck mating site must be characterized by water depth deep enough to ﬁ

enable the concrete structures to be ballasted down almost awash. It
should also be protected from severe exposure to wind and waves during the

mating period.

The deck fabrication site should preferably be at or adjacent to a large

shipyard or similar industrial facility. If remote from a shipyakd, then

camp and support facilities are required.
Other Aspects

At the primary construction sites, there must be made available the

‘requisite supplies of concrete aggregate, cement, and steel, as well

as an adequate supply of semi-skilled and skilled construction labor.
Facilities must be available to receive, store, fabricate, and coat the
piping. Construction plant and equipment must also be made available:

fortunately, it is rather mobile.

At the deck fabrication and aséemb]y site, skilled welders, riggers, and
mechanical and electrical trades must be available. They must have the
necessary support in the form of equipment and facilities. Hence, a site

in or adjacent to an existing large shipyard is ideal.
Candidate Sites

Several sites have been identified as appropriate to the Southern Bering
Sea development. Figure 5-16 presents construction sites and towing

routes discussed in the followjng text. Vi
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A.

Puget Sound

This is the only location in the iower 48 U. S. states which resembles
the Norwegian fjords and Scottish lochs. It is b]essed by deep
protected waters, excellent concrete aggregate, a strong industrial

infrastructure, and an abundance of semi-skilled and skilled labor.
However, there are some physical and environmental restrictions.

At Tacoma, there already exists one construction basin 600 feet
square, and another 160 feet wide by 600 feet long. Both would have
to be deepened. Downstream from both is an existing bridge with 144

feet t horizontal clearance.

Hence, the base raft would have to be constructed in segments, to be

Jjoined in the Tacoma Outer Harbor.

Anacortes appears to be another highly suitable site, zoned indus-
trial, with deep water close of fshore, excellent transport, and a

moderate supply of labor.
Other potential sites exist: Bremerton, Everett, Port Townsend.

The State of Washington and the Puget Sound Area in particular are
very envirohhental]y conscious and hermits even for such apparently
nonpoliuting activitfes as construction afioat may require a con-
siderable period of time. Hence, priority should be directed to areas

such as the Tacoma Outer Harbor, Anacortes, and Bremerton, where

existing similar activities have been carried out over the years.
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. A
The Tacoma area is blessed with some of the finest concrete aggregates

in the world, and several contractor organizations with extensive
experience in sophisticated concrete construction. The ARCO Ardjuna
LPG barge, now in the Java Sea, the Hood Canal Floating Bridge, and

the Valdez floating container terminal were all constructed here.

To tow from Tacoma or Bremerton to the sea, requires crossing Admiralty

Bar, with a Timiting water depth of 37 fathoms (about 220 meters).

Deep water deck mating areas exist seaward of Admiralty Bar between
Port Townsend and Port Angeles. These sites are relatively protected

from extreme storms, but have a long fetch to the Northwest.

The San Juan Islands offer deep water, without restriction for exit to —

™
I

the ocean, but are very sensitive areas for boating.

N

Exit from the Port Angeles or San Juan Island area is through the
Straits of San Juan de Fuca, having over 330 ft depth all the way,
with, however, some rather tortuous navigation in the open ocean just

outside if it is necessary to stay in water deeper than 330 ft.

Qualified contractors are available with experience in large-scale

\

sophisticated concrete construction. These include:

Concrete Technology Corp.
Morrison-Knudsen
Dillingham Corp.
Peter Kiewit Sons' Co.
Guy F. Atkinson Co.
J. A. Jones Construction Co. :
J. H. Pomeroy Co. : TN
Reidel International
£

C
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For transfer of such heavy 1ifts as the deck, on the West Coast are

the following organizations:

Rig International

Tokola Offshore, Inc.
B. California

Potential construction basin sites exist in the San Francisco Bay
Area, e.g., at Rio Vista. From there, the base segments would have to
be towed to Long Beach Harbor, where they could be assembled and

jointed.

(From time to time similar small basin areas become available on

Terminal Island, Los Angeles Harbor, and in San Diego, south of the

Coronado Bridge.)

In Long Beach Harbor, with over 50 feet of protected water, the
caisson would be constructed to a total height of above 100 ft. From
there it could be towed to protected water to the east of Santa Rosa
Island, the site used in the assembly of the two halves of the Exxon

Hondo platform.

Construction could be completed afloat at this site, followed by deck
mating at the same site. The major problem is the 20 miles open water
distance from a support base (Santa Barbara or Port Hueneme), which

makes crew changes and resupply awkward and costly.
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cC. ‘Alaska

Previous in-depth studies and actual experijence have shown that the
cost of construction in Alaska is approximately twice that in the lower
48 states, and that prestressed concrete structures can most eco-

nomically be constructed in Puget Sound and towed to Alaska.

However, at Teast one excellent construction site, from the physical
point of view, does. exist in Resurrection Bay, near Seward, Alaska.

The water is deep and generally protected (Figure 5-17).

At Fourth of July Creek in Resurrection Bay, a deltaic deposit of
sands and gravels would furnish a fine site for a construction basin,

although extensive dewatering would be required. N

There is some question as to whether or not the local sands and
gravels near Seward are of sufficiently high quality for concrete of
the strengths needed. It could conceivably prove necessary to import

aggregates from Portage or'Anchorage to Seward. -

Seward has excellent rail and water connections, is the terminus of
the Alaska Railroad, and has many local facilities. A camp would have

to be set up for labor.

Seward experiences lower temperatures than Puget Sound, although no
sea ice forms. It is an open port all year. Nevertheless, the cold

winds in the winter could require protection for workers and concrete

(Figure 5-18). : ST

/":;\
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The fjord-Tike bay is also subject to sudden williwaw winds, with

high gusts.

Labor rates in Alaska are roughly 50 percent greater than in Puget

Sound.

The effect of all these is to significantly increase the cost of
construction in Alaska over that of Puget Sound: a factor of 2.0 to

2.2 is often applied.

Japan

From Japan to the Southern Bering Sea is about 500 miles further than
from Puget Sound. However, the summer currents are favorable, rather

than adverse, so that total tow time should not be much greater.

In Japan, there exist six graving docks, with gate widths of about
330 ft and draft over the sill of 140 ft. These docks were built

for the purpose of constructing supertankers and are now converted to
bui]dihg smaller ships. Lead time for availability is currently 18

months.

Mitsui Shipbuilding has a suitable site for a construction basin large
enough to accommodate the largest structures proposed in this report.
They would probably have the concrete construction carried out by

Kajima Construction Co., under subcontract or Joint Venture arrangement.

Deep water mating sites exist near Shimizu, on Honshu Island, between
Nagoya and Tokyo, and near Yokosuka, the U. S. naval base at the

entrance to Tokyo Bay.
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It is believed that other Japanese contractors such as Penta-Ocean are

N

also making plans to be able to carry out such construction‘activities.

The availability of large shipyard facilities for construction of the
deck and assembly of process equipment is of course excellent, and a

number of sites at 0Osaka and west, on the Inland Sea, are available.
Korea

Finally, the possibility of construction in South Korea, near Pusan,
must be considered, in view of their almost explosive development of
large shipbuilding and their experience with such complexes as the
Prudhoe Bay Waterflood Facility. Hyundai is a potential contractor
with extensive pfestressed concrete capability and experience. Dae

Woo has shipyards and steel capability.

Shipyards

Shipyard facilities suitable for deck construction exist at Todd
Shipyards, Los Angeles; Nationa] Shipbuilding San Diego; at Lockheed
Shipyard, Seattle; and at Tacoma Boat Works, Tacoma. At all these
sites, space will be crowded, especially if other activities are going

on at the same time.

Excellent space and facilities exist at Hunter's Point, San Francisco
(the old San Francisco Naval Shipyard), but the completed deck would
then have to be towed to Santa Rosa Island, necessitating a relatively

hazardous exist across the :San Francisco Bay entrance bar. VN

TN
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Towage

A.

U. S. Pacific Coast

From the U. S. Pacific Coast, i.e., Puget Sound or Southern Cali-
fornia, the route is essentially west across the North Pacific to
either Unimak or Amukta Pass. Unimak is a relatively shallow pass
through the Aleutian Islands, with strong tidal currents. For the
larger structures for the St. George and Navarin Basins, therefore, it
appears that Amukta Pass, further west, is best. For the North
Aleutian Basin, with shallower draft structures, it should be prac-

ticable to use Unimak Pass.

Current tug availability of U. S. flag boats, required for tow from
one U. S. port to a U. S. offshore site by the Jones Act, consists of
9000-10000 H.P. boats. Discusssions with Crowley Maritime, the
largest operator, indicate he probably would build larger boats if a

major development took place.

In any event, we envision a tow not unlike that for the Ninian Central

Platform, with five main towing boats.
Refueling underway would be carried out by an additional boat.

Across the North Pacific, there is a generally opposing current of
about one knot in the summer. It could be expected that at least one
summer storm will be encountered, with seas having an Hg of 20 ft

and a period of about 12 seconds.
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Sudden summer storms are often encountered also in the Southern Bering
Sea, but periods of relative calm do exist in the summer and early
fall, making it practicable to install a gravity platform with rela-

tive ease.

B. Japan

Towage from Japan would probably proceed easterly on the 40th parallel
to about the Date Line, thence turn north, penetrating the Aleutian
chain at Amchitka Pass. This would take advantage of favorable
currents and more favorab]e weather. The distance is farther than
from Puget Sound by 500 miles or so but the favorable currents par-

tially offset this.
PN
No restrictions exist on the use of foreign boats when towing from

Japan to a U. S. site; hence, the very large Dutch and German tugs of
20000 H.P. can be used. It is probable that, with an order, Japan
would build larger (22,000 I.H.P.) tugs for the service. Three to

four would probably be used.
C. Alaska

Because the route from Resurrection Bay is southwest, the saving in
“tow distance is only about 1000 miles as compared with Puget Sound.
Favorabie currents will be found for the first part of the trip and

only about 600 miles are exposed to Gulf of Alaska summer storms.

One scenario that should bé kept in mind .is to build the concrete TN

structure in Puget Sound, the integrated deck in Japan, and perform

()

the mating in Resurrection Bay.
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Installation

On arrival at the site, the boats fan out in star-like formation. Pontoon
buoys may be used in the lines to prevent pulling the stern of the boat

underwater, due to the steep angle of the line to the top of the caisson.

The structure is ballasted down to touch, then penetrated, and finally

grouted under the base (see Steps p, g and r of Section 5.8.1.1.)
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5.9

Conclusions

The concrete gravity-based structure, similar to those currently being
installed in the North Sea (e.g., Statfjord C), appears well adapted to
most of the alternative combinations of criteria present in the Southern
Bering Sea. The major .advantages are the ability to mount and transport
the deck payload of processing and drilling equipmeﬁt, and the short time
required to install a structure ready to resist major environmental
forces. Tables 5-2, 5-3 and 5-4 provide a géﬁeral summary of the base

case and variations discussed for each basin.

Under certain combinations of the controlling parameters, the required
safety factors were not met. The four limiting parameters were found to
be, in order of criticality; very soft soils, storm waves, seismicity, and
ice loading. Under such criteria, alternative configurations such as the
monotower (to reduce ice loading) or the tripod or quadripod appear to be
more suitable. The latter, exemplified by the Condeep T-300, for example,

is believed to be suitable for these extreme cases.

Because of the sensitivity of these structures to the seismic parameters
at each site, a more detailed investigation should be carried out to
determine seismic parameters such as velocity, displacement, and dura-
tion. Geotechnical conditions are also very important in determining not

only bearing and sliding capacity, but seismic response and damping.

Recognizing the need for site-specific designs as indicated above, the
general concept of a concrete gravity-based platform appears to offer

significant benefits for offshore operations in the Southern Bering Sea,
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especially those which are more remote, such as the northern St. George

and Navarin Basins.
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SAFETY COEFFICIENT

SUMMARY OF CRITICAL SAFETY COEFFICIENTS
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SUMMARY OF CRITICAL SAFETY COEFFICIENTS
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SAFETY COEFFICIENT

SUMMARY OF CRITICAL SAFETY COEFFICIENTS
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Material

TABLE 5-1
ASSUMED MATERIAL PROPERTIES

Property Quantity Comments

Normal Weight Cbncrete Unit Weight (p) 155 pcf Including Reinforcemen
Normal Weight Concrete  Compressive Strength (f'c) 6000 psi Cylinder at 28 days
Light Weight Concrete Unit Weight (p) 125 pcf Including Reinforcemen
Light Weight Concrete Compressive Strength (f'c) 6000 psi Cylinder at 28 days
Mild Steel Yield Strength (fy) 60000 psi

_ Prestressing Tendons Ultimate Strength (fpu) 160000 psi

<ifﬁ\irestressing Tendons Yield Strength (fpy) 128000 psi U.L.S. Method
Prestressing Tendons Service Strength (fps) 96000 psi  S.L.S. Method
Sea Water Unit Weight (p) 64 pcf Ballast
Sand Unit Weight (p) 112 pcf Ballast
Crude 011 Unit Weight (p) 55 pcf In Storage
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6.1

6.1.1

6.1.2

COST ESTIMATES AND SCHEDULES - PLATFORMS

General

Scope of Work

The cost estimates presented in this section are based on the preliminary
designs which are presented in this report. Included are cost estimates

for the following items:

- Drilling and Production Topside Facilities
- Steel Pile Supported Structures

- Concrete Gravity Structure

Also included are cost sensitivities for key parameters which may vary

from the design basis conditions. These include:

- Water Depth
- Production Rate
- Environmental Condition

- Soil Conditions

Note: Costs for pipeline, shore terminal and offshore storage and

loading structure are given in Section 10.
Objectives

This cost estimate has been presented in such a way that the following
objectives will be met as much as possible within the limited framework of

the project.
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6.1.3

6.1.4

6.1.5

. - . . ‘ ™
- The assumptions or background sources of information are clearly J

identified.

- The cost estimating methods and basis of each major cost item

is identified.

- This data base will provide a means for future cost estimates,

tailored to the requirements of individual operating companies.
Date of Estimate and Escalation

The estimated costs are based on June 1982 costs in U. S. Dollars. No

escalation beyond this time has been included.

Accuracy of Estimate and Cost Estimating Allowance

TN
N
The cost estimates included herein are thought to be accurate to within
plus or minus 20 to 30 percent. A cost estimating allowance of 30 percent
has been included in all of the cost summary sheets in this section. It
is identified on each summary work sheet as such. It is recommended that
this allowance be carefully reviewed to ensure that it is consistent with
the level of confidence assigned to both the design basis conditions and
the cost estimating bases and methods.
fome Office Costs
The summary tables include an allowance of 10 percent for home office
costs. This allowance is intended to cover the following items:
- Design engineering. .
- Project management. N
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- Site investigations

- Purchasing and expediting
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6.2

6.2.1

Drilling and Production Topside Facilities

Items Included

Topside facilities are assumed to be fabricated as separate

modules whether set on a steel jacket at the site of production or

on a concrete gravity base nearshore for tow—out of the platform

as a completed unit. The estimates include all material

(including structural steel) equipment and labor costs associated

with the fabrication of the modules.

These estimates do not include the following items which are shown

elsewhere in the cost estimates:

Labor

Transportation from the fabrication yard

Setting of the modules on the support structure

The steel structure of the module support deck N
Any of the equipment or materials in the utility shaft of a w)

gravity base structure having subsea storage

costs are included for:

All hookup offshore in the case of a steel structure.
Hookup nearshore in the case of a concrete gravity
structure with hookup completion and commissioning
offshore. In this case, it is assumed hookup is 90%
completed nearshore. The remaining 10Z is done offshore
together with a manhouf allowance for de~commissioning the

platform after the sea voyage and removal of sea fastenings.

=

e

6-4



o

6.2.2

6.2.2,.1

A labor cost allowance is made for the specific case of setting

modules offshore which inclu@es:

~ Assistance in module setting, skidding and tie-down
=~ Life-support systems hookup to make the platform habitable

for the main hookup crew.
Basis of Cost Estimate
Data Sources

The cost estimates for the several categories of topside
components were factored from recent and historical data on North
Sea platform projects. The smaller case of crude oil throughput,
100 MBPD, was factored from steel-structure platforms like Beryl B
but mostly from Murchison, since their productiog rates are
similar, being about 120 MBPD to 150 MBPD.

The components of the larger case of throughput in this study, 300
MBPD, were factored from concrete gravity base structures like
Statfjord A and the Golden Block, 34/10, platform now in the
design stage; again, because the planned production rates of these
platforms are closer to the larger case of throughput. Guidance
was also provided by cost data from other concrete gravity base
structures like Statfjord B, now in place offshore, and Statfjord

C which is under construction.
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6.2.2.2

6.202_03 ‘

Module Fabrication Costs

Fabrication costs developed from the data base are characteristic
of European construction. These were adjusted to reflect expected

Korean/Japanese fabrication costs.

Factoring Principles

Topside-component cost estimation is divided into seven

categories:

- Quarters and helideck
- Drilling

- Production

- Power generation

- Utilities

~ Flareboom

- Other equipment ’ ™

. . s <
Factoring principles are as follows:

o Quarters, minus the price of the helideck, are cost estimated
on a cost-per-bed basis.

o Drilling equipment, including the complete derrick, crown
block, rotary table, draw works, mud and cement storage,
de-sanders, shale shakers, logging laboratory and pipe racks
are factored on a per rig basis.

o Production modules and facilities are factored on the basis of
production throughput and include well heads, gas compression
and injection, water injection and treatment,‘separation and

mainline pumps.
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y A ¢ Power generation including emergency-power generation is
<jﬁﬂhx‘ factored on the basis of U.S. dollars per megawatt, but only
on the presumption that the data base, from which such
factoring is made, must be near the power production levels
chosen for the platforms conceptually developed in this study.
o Utilities cost estimates are factored on the basis of the
maximum number of personnel to be accommodated on the platform
with an allowance for the severity of the weather in the
Bering Sea. This is particularly important in the Bering Sea
where all working and accommodation spaces are fully enclosed.
o Flareboom costs are factored on the basis of production
throughput.
o Other equipment includes:
= Management services in fabrication yards
= Survival equipment
= Cranes
=~ Navigational aids
‘/TK'Q\ ' .= Vendor representatives
- =~ Bumpers and guides
- Fire protection
=~ Communications
= Computer and audit services
= Welding institute and fabricator consultation
- Onsite engineering services

= Sea fastening as applicable
6.2,2.4 Labor

Productivity =~ Labor productivity and skill/specialty availability

is assumed to be the same for the Bering Sea as for the North Sea.




Labor Rates - Labor rates are separated into three categories: TN

- Labor offshore on or pertaining to work on the platform at
sea.

- Labor nearshore with shipyard facilities and no camp or
subsistence costs.

- Labor nearshore in a remote environment.

The last applies to hookup and interfacing.of topside modules with
a concrete structure having storage in its base. The remote
location 1is one where quiet water is deep enough to lower the
concrete structure for mating with the topsides and deck
structure. There, work of a hookup nature is needed to complete
the topsides/support structure mating and component interfacing

with equipment in the utility shaft before tow—out.

The following rates are taken for each of the three labor

categories = //h\:>

Offshore =

$55 per hour: average craft rate incl. uplifts/premiums

$20 per hour: indirects, overhead and profit at about 40%

Qig per hour: catering allowance per manhour offshore

$85 per manhour total,assuming 7-12 hour shifts per man

per week.

Nearshore/Shipyard - applies to module hookup on a steel deck

for a concrete gravity base structure. $55 per manhour is

used. This is based on recent San Francisco Bay area

experience and includes contractor's indirects, overhead and

profit.

2N

{ N
R
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6.2.3

6.2'3.1

Nearshore/Remote Location-

$ 50 per hour: average rate incl. uplifts/premiums
$ 70 per hour: indirects* (at 140%)
$ 20 per hour: camp/catering

$140 per manhour: direct manual labor rate

This manhour rate only applies to mating and interface
connections between topsides and utility shaft components at a
remote, deep draft location. If this remote location is in
Alaska, an Alaska use tax must also be added (see Section

10.3.2.3).

Field indirects include temporary construction facilities,
construction equipment, tools and consumables, miscellaneous
construction services and field office costs. The $70/hour
camp cost represents an upper bound condition for a very
remote site. If sites such as Port Townsend or Port Angeles,
Washington, or the Inland Ses of Japan are used, this cost
could be reduced substantially.

Order of Magnitude Capital Costs
Estimated Topside-Module Equipment/Fabrication Costs

The equipment/fabrication costs for 100 MBPD and 300 MBPD topsides
are given Table 6-1 ., No distinction is made in the materials
cost between steel and concrete support structures. Concrete

structure topsides can be built in two alternatives:

= Pipeline to shore with mainline pumps included in the

topsides.

= Local subsea o0il storage for offshore tanker loading.

The latter alternative requires treatment of the storage=tank
ballast water on the platform instead of the mainline pumps, but
no account has been taken of cost differences between these

facilities.
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6.2.3.2

6.2.3.3

6.2.3.4

Manhour Costs - Hookup N

Hookup manhours are estimated from historical data on North Sea
experience. There is no inflation or escalation associated with
adapting these figures to the Bering Sea, and the productivity in

the Bering Sea is assumed to be the same as in the North Sea.

Table 6~ 2 summarizes hookup costs for the steel and concrete

platforms.
Transportation and Safety Vessel Costs During Hodkup

During the period planned for hookup offshore fixed-wing and
helicopter transportation will be needed for crew changes, and
supply boats will be used to haul bulk materials from;the supply
base to the platform.

A safety vessel will stand off the platform at all times. ™
Estimated cost summaries are given in Table 6 - 3.

Total Estimated Topside Costs

Module costs and hooku